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SUMMARY 
Fish skin, a by-product of filleting could be upgraded to value-added products 
for human consumption, thereby preventing waste and pollution. The aims were to 
prepare gelatin from skin of Nile or black tilapia (Oreochromis nilotica); characterize its 
physical-chemical, rheological and thermal properties and those of fish gelatin-whey 
protein mixtures; prepare hydrolysates and assess their foaming properties in the 
presence and absence of whey protein and green tea. 
Gelatin extracted successfully from tilapia skins, gave a 19-26% yield and 
comprised high protein (90.2 + 0.68 %) and low fat (0.62 + 0.03 %), moisture (5.2 + 
0.62 %) and ash content (0.08 + 0.05 %). Amino acid profile included mainly glycine 
(33.94%), alanine (26.1%) and glutamic acid, proline, arginine, aspartic acid and imino 
acids. The Bloom strength of  6.67% (w/v) tilapia gelatin in distilled water was higher 
(301 + 11.6 g) than commercial tilapia (207 + 5.6 g), bovine (~ 225 g), and porcine       
(~ 300 g) gelatins.  
The rheological properties of 3,5 and 10% (w/v) tilapia gelatin indicated G’ 
(elastic modulus) values  1,135 and 720 Pa, respectively,  and gelling points of  16.2°C, 
5% 17.2°C and 19.8°C respectively whereas melting temperatures were 14.9°C, 14.9°C 
and 15.0°C respectively. The gels were highly stable over a frequency range of 0-100 
rad/sec.  
DSC results indicated high melting temperatures (Tm) 22oC, compared to 
bovine (26.2°C) and porcine (30.7°C) gelatin. Cold water fish gelatin did not gel. 
However, bovine and porcine gelatins had lower enthalpy change (∆H) values 0.58 J/g 
and 0.45 J/g respectively, compared with tilapia gelatin (2.51 J/g), probably due to 
protein denaturation of collagen.  
In tilapia gelatin-whey protein mixed gels, whey proteins were dominant. Gelling 
temperatures of 10% WPI with 5% gelatin (88.9°C) or 10% gelatin (87.4°C) mixtures 
were higher than for WPI (80.3°C) or gelatin at 3% (16.2°C), 5% (17.2°C) and 10% 
(19.8°C). Whey protein (10%) was unstable but formed a good stable gel network with 
gelatin at 5 % (597 Pa) and 10% (26974 Pa). Whey (10 %) and gelatin (10%) also gave 
a strong gel by large deformation analysis. Tm and ∆H for 10% whey protein and  5 or 
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10% gelatin/ mixtures were higher (67.2°C, 68.8°C and 68.2°C respectively)  than for 
gelatin or whey protein alone.  The ∆H values of gelatins increased when combined 
with the WPI. Three % gelatin (0.03 J/g),  10% WPI + 3% gelatin (0.44 J/g), 5 % gelatin 
(0.18 J/g), 10% WPI + 5% gelatin (0.56), 10% gelatin (1.3 J/g) and 10% WPI + 10% 
gelatin (0.59). Phase contrast microscopy of gelatin showed a fine uniform and 
homogeneous network with small particles whereas the whey protein structure had 
larger aggregates. The gelatin-whey mixtures formed a compatible network. 
Gelatin produced the highest volume of foam FE (933%), followed by gelatin + 
whey protein (853%), gelatin hydrolysate + whey protein (767%); these were not 
significantly different (p>0.05). This was followed by a mixture of gelatin + whey protein 
+ green tea (575%) that was significantly lower (p< 0.05). Foaming stability of mixtures 
of gelatin + whey protein + green tea was significantly higher at 47%, than gelatin + 
whey protein (34%) and gelatin + green tea (25%) (p<0.05).  Tilapia gelatin was 
significantly higher than that of whey protein alone (p<0.05) but the combination of 
whey protein with gelatin resulted in a significant increase (P<0.05) compared to WP 
or TG alone. Whey protein at FS of 8% was not as stable as the gelatin (18%) or green 
tea (21%). Gelatin hydrolysate prepared with alcalase had poor FE and FS which 
improved with added green tea and whey protein due to protein-polyphenol 
interactions. Tilapia skin gelatin displayed very good nutritional and rheological 
properties and can be used as an alternative to mammalian gelatins if food products.  
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CHAPTER 1. GENERAL INTRODUCTION 
1.1 Fish nutrition 
 
Fish is a food commodity which is consumed widely and is a good source of nutrients 
that compares favourably to other sources of animal protein. According to a report by 
Food and Agriculture Organisation of the United Nations (FAO, 2016), the utilization of 
fish by-products has been gaining popularity because they are a significant additional 
source of nutrition. Different  parts of fish such as  heads, frames and fillet cut-offs can 
be utilized directly as food or turned into  consumer food products such as fish 
sausages, gelatin and sauces. 
 Fish is a good source of nutritive and easily digestible protein as its muscle 
contains an excellent amino acid composition (Kristinsson and Rasco, 2000). In other 
words, fish is more efficient converters of energy and protein compared to farm 
mammals. Fish, whether captured or cultured, represents one of the world’s most 
healthy and nutritious food sources (Tacon and Metian, 2013). On an edible fresh 
weight basis fish has a higher protein (mean 17.3%) than most terrestrial meats (mean 
13.8%); leaner fat content of  2.7% compared with terrestrial meats which have an 
average of 16.6% fat. The saturated fat level in fish (1.19%) is lower than terrestrial 
meats (4.97%).  
Oily fish contains a good balance of amino acid composition and has 
micronutrients as well as high levels of omega-3 polyunsaturated fatty acids, including 
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). The benefits of fish 
consumption outweigh the minor risks such as mercury and polychlorinated biphenyls 
(PCBs) levels, known as immunotoxins (Lauriano et al., 2012) and carcinogens. Tilapia 
does not fall within the category of fish with high level mercury contamination i.e. king 
mackerel, tilefish, swordfish and shark. 
 
 
 
3 
 
1.2 Tilapia fish 
 
 
Figure 1. 1 Anatomy of fish  
(source: https://www.deviantart.com/ajgus/art/Fish-Anatomy) 
 
 
Figure 1. 2 Tilapia fish  
 
Many commercial  gelatins come from warm-water fish, which make up most 
freshwater fish aquaculture production (Boran and Regenstein, 2009). Tilapia is easily 
cultured, and the colour of tilapia can be red, black or white striped. The size of tilapia 
adults reach up to 60 cm (24 in) in length and up to 4.3 kg. When the flesh is filleted 
the abundance of skin can provide collagen and gelatin (Fig 1.2).  
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Also, Tilapia is a hardy fish species, being fairly resistant to poor water quality and 
disease (FAO, 2018). Tilapia may be used in shrimp ponds to clean the algae and feed 
on the microorganisms, before the water from the ponds is released for circulation into 
other ponds. Tilapia production has expanded in Asia, Africa and South America with 
a growing volume of supply entering domestic markets in the major producing countries 
(FAO, 2016). The total world fish production in 2016 reached 171 MT, with 88% being 
used for direct human consumption and 20.3 kg per capita consumption. Increased 
demand and higher prices increased the value of global fish (FAO, 2018). 
In some countries, tilapia is very important for national food security and nutrition. 
Tilapia is cultured globally in tropical and subtropical regions, which have favourable 
temperatures for growth. Tilapia (including all species) is the second most prominent 
group of farmed fish after carp. In 2009, the annual production reached 3.1 million tons 
and China accounted for about 41% of the global tilapia production (FAO, 2016). In 
2007, 18% (7,369,862 MT) of the total world export of fish and fishery products 
(42,172,000 MT) (FAO, 2010) valued at US $14,395,040 million was attributed to the 
Southeast Asian region (SEAFDEC, 2010). The contributing factors to food security in 
this region included maximizing catch utilization and reducing fish post-harvest losses 
(Chung, 2011).  
There are over 22 species of Tilapia cultured globally and the main commercially 
cultured species are similar to some species in Brunei. Some of the most commonly 
cultured tilapia species are Nile tilapia (Oreochromis niloticus), Mozambique tilapia (O. 
mossambicus), blue tilapia (O. aureus) and O.hornorum (El-Sayed, 1999). The major 
cultured species which contributes to the notable increase in global tilapia aquaculture 
production is the Nile tilapia (Oreochromis niloticus).   
Tilapia is the generic name given to the cichlids group native to Africa. The 
scientific name of Nile tilapia is Tilapia nilotica or Sarotherodon niloticus and 
Oreochromis niloticus (Towers, 2005). Nile tilapia accounts for over 90 % of all 
commercially farmed tilapia outside of Africa and all commercially significant tilapia 
belong to the genus Oreochromis. Tilapia originated in Africa and was then introduced 
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into Asian freshwater lakes, which later created spin-off aquaculture farming projects 
in countries with tropical climates.  
Tilapia was chosen for this study because it is commonly cultured and supplied 
to the local industry in Brunei. There are three types of Tilapia species farmed in Brunei, 
namely red tilapia (Oreochromis mossambicus), Nile or Black tilapia (Oreochromis 
nilotica) and Wami tilapia (Oreochromis urolepis) (Department of Fisheries of Brunei, 
2014). Therefore, tilapia is a potential relevant warm water species that can be used 
for the production of fish gelatin. Tilapia fish is used as a model in this study and in 
future, the technology for gelatin production adopted in this study may be used for 
different fish species. 
In 2009, aquatic animal food products contributed to 16.6% of the global total 
supply of animal protein and 6.5% of all plant and animal protein. Aquatic animal food 
products provided about 3 billion people, with around 20% of their average per capita 
intake of animal protein, and a minimum of 15% of aquatic protein to 4.3 billion people 
(Tacon and Metian, 2013). 
The majority of aquatic food products in Asia are sourced from the aquaculture 
sector. Fish, as part of aquatic animal food products, contributed to 22.6% of Asia’s per 
capita supply (kg per capita). Two thirds of the fish is captured from marine and inland 
waters, and the rest is obtained from aquaculture. The fish intake of a fifth of the world’s 
population accounts for 20% animal protein (Khora, 2013). Furthermore, fish provides 
55% of the animal protein in Asia. 
 The demand for fish as a nutritional and functional food including by industries 
that manufacture fish or fish by- products has been growing especially in developed 
countries. The need for alternative or novel sources  to address protein deficiency, has 
led to  research that is directed towards the rational use of marine resources (Alfaro et 
al., 2015). 
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1.2.1 Fish Processing  
 
Tilapia product started off as whole frozen fillets in the international market in 
the 1980s. Exporting countries started manufacturing and exporting in increased 
quantities and quality (processed) in order to meet increasing demands. Other forms 
of Tilapia include whole frozen, Individually Quick Frozen (IQF) fillets, fresh fillets and 
sashimi. In some countries such as Philippines and Thailand, tilapia skin is also 
distributed in the international market as frozen or in salted and deep fried forms 
(Simos, 2012). 
Seafood processing results in an immense volume of fish waste that is generally 
disposed of (~7.3 million tons/year) (Kim, 2013). Fish is highly perishable and requires 
immediate processing. The main processed product of fish is the fillet, making up  30–
40% of the total fish wet weight, whereas the remaining 60–70% of the fish body is 
processing waste including  meat remains, head, bones, viscera, skin and scales (Silva 
et al., 2014). Marine fisheries provide over  50% of the total world fish production (al., 
2013). The waste products from seafood processing plants amounted to 20 million 
tons, a quarter of the world’s total production from marine capture fisheries. Out of the 
total fish captured, around 50% of the remaining material is not processed as food and 
accounts to nearly 32 million tonnes of waste (Kristinsson and Rasco, 2000). 
Post- harvest fish losses are a major concern world-wide and occur in most fish 
distribution chains. An estimated 27% of landed fish is lost or wasted between landing 
and consumption (FAO, 2018). In 2000, over 60% of total world fisheries production 
was processed. An estimated 74% (97 MT) out of 131 MT of fish produced was utilised 
for direct human consumption in the world whereas 26% was used for various products 
such as reduction to fish meal and oil (FAO, 2012);(Jayasinghe and Hawboldt, 2012).  
In Asia, there are many types of warm water species of fish that are caught and 
cultured and have the potential to be further developed beyond the existing value-
added fish products. In 2009, 30% of the world’s total surimi produced, nearly 200, 000 
tons, was produced in the Southeast Asia. The utilization of trimmings and discards 
from the fish processing industry such as by-products of swordfish and tuna processing 
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have been developed into value-added fish products. Examples are fish sausage, 
breaded and battered products, tofu, crackers, satay and bah kwa (a sweetmeat). The 
development of fish sauce using the enzyme protease and “koji” starter (soya bean 
mash with starter culture) from pelagic species including mackerel and round scad 
were also developed.   
These discards can be used to develop fish protein concentrate, fish enzymes, 
oils as well as other value added products. This is further reinforced by Alfaro et al., 
(2015) who found that marine fish by- products continue to increase this waste material 
should be considered as a potential protein resource.  Fish skin, a major by-product of 
the fish processing industry, that causes waste and pollution has the potential to be 
utilized for gelatin manufacture, thus providing value-added opportunities for the fishing 
industry and an alternative product for consumers. Badii and Howell (2006) have shown 
that gelatin preparation from fish by products is a way of utilizing the huge waste 
created by the fish industry into useful products. 
An example of the Australian seafood industry is the production of fish waste in 
excess of 20,000 tonnes annually by processors, retailers and the catching sector (al., 
2004). In the U.K., an estimated 43% of total available fish and shellfish resource 
(850,000 MT) resulted as human consumption products and the rest were by-products. 
Most of the by-products are processed by the onshore processing sector (35% of the 
resource at 301,037 tons) whereas waste and processing at sea resulted in smaller 
amounts (17% at 145,475 tons and 5% of the resource at 45,762 tons respectively) 
(Archer, 2003). 
The potential uses for seafood byproducts can be in two categories: (i) 
aquacultural, agricultural and bulk food uses. Examples are fish meal, fish oils, other 
animal feeds, fish protein hydrolysates, fish protein concentrate, fertilizer, composting, 
and silage; (ii) Non-nutritional uses which include cosmetics, pharmaceuticals, 
carotenoid pigments, enzymes, chitin and chitosan leather and food packaging (Archer, 
2003). Fish skin and bone can be used as substitutes to mammalian collagen in foods, 
cosmetics and biomedical materials via treatment by collagen isolation (Nagai and 
Suzuki, 2000). Fish scales can be processed as a natural adsorbent for astaxanthin, a 
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carotenoid pigment obtained from the fish processing wastewater. Another food 
application is gelling agents from fish muscle and skin of hake and trout waste 
collagenous materials (Montero, 1990). 
  
1.3 Protein structure of fish 
 
Fish is recognized to be a good source of proteins, which are essential nutrients 
for growth and as components of cells. Proteins are comprised of about twenty naturally 
occurring amino acids, which are the essential building blocks for protein construction. 
There are a series of side chains that are along the chain which differ for each of the 
amino acids (Campbell and Farrell, 2006).  
Proteins, also known as polypeptides, are long chain of amino acids linked 
together by peptide (amide) bonds which have a nitrogen-containing amino group          
(-NH2) at one end (positively charged) and carboxyl group (-COOH) at the other end 
(negatively charged) bonded to the same carbon atom known as alpha (α) carbon.  
Proteins are complex macromolecules; the primary structure is determined by the 
amino acid sequence, and is unique for each protein. The primary structure gives rise 
to other levels of structure such as secondary, tertiary and quaternary. The pattern of 
folding of the protein is determined by three types of bonds, i.e. hydrogen bonding, 
hydrophobic interaction and salt linkages (Howell, 1992). 
Hydrogen bonds are present between oxygen atoms of carbonyl and hydrogen atoms 
of amide groups whilst hydrophobic interactions are a result of the association of the 
non-polar amino acid side chains. Salt linkages, or electrostatic interactions, occur 
between the charged side chains of the exposed carboxyl (aspartic and glutamic acids) 
and amino (lysine, arginine, and histidine) groups (Hudson, 1992). 
Amino Acids 
Amino acids carry both a basic amino group and an acidic carboxyl group, which 
enables the individual amino acids to link together in long chains by forming peptide 
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bonds: amide bonds between the -NH2 of one amino acid and the -COOH of another 
(Figure 1.3). 
 
 
Figure 1. 3 Basic structure of amino acids 
 
Unlike acidic amino acids, basic amino acids such as arginine (Arg), histidine 
(His) and lysine (Lys) are positively charged. The protein structure is stabilized by salt 
bridges and ionic linkages formed by the association between basic and acidic amino 
acids (Sundaralingam et al., 1985).  
The core of tertiary protein structures have apolar face of α-helix and β-pleated 
sheet where non-polar uncharged amino acids are present. Aliphatic amino acids such 
as Proline (Pro), isoleucine (IIe), leucine (Leu), valine (Val), alanine (Ala) and glycine 
(Gly) and aromatic amino acids have non- polar side chains that enable the amino 
acids to participate in hydrophobic interactions. Amino acids which are polar uncharged 
such as threonine (Thr) and serine (Ser) have hydroxyl aliphatic R- groups whilst 
tyrosine (Tyr) have a hydroxyl aromatic R-group.  
Covalent and non- covalent bonds (Van der Waals, electrostatic, hydrogen and 
hydrophobic bonds) are the two main structural forces that govern the conformation 
and stability of proteins. Covalent bonds such as interchain or intra disulphide bonds 
are usually formed by the coupling of two thiol molecules and play a major influence 
on the stability of protein structure, with the bond dissociation energy of 60 kcal/mole. 
Non- covalent bonds are very unstable in contrast to covalent bonds. Hydrogen 
bonds have less bond disassociation energy of 2-10 kcal/mole and occur by the sharing 
of the proton (H+) between two electronegative atoms. The range is dependent on the 
donor’s electronegativity and acceptor atoms which influence the distance between 
them. 
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  Electrostatic interactions (salt linkages) can occur between any two charged 
particles which may either be attractive or repulsive. Van der Waals interactions are 
also weak non- covalent bonds formed between dipoles and are important in the 
packing of amino acid molecules in the protein interior.  Hydrophobic forces are 
associated with non- polar amino acids; the repulsive force between non- polar amino 
acids with water results in their interaction with other non-polar groups. The main 
interaction that dictates both the folding and the stability of polypeptides in an aqueous 
environment is hydrophobic force (Howell, 1992). 
 
 
Figure 1. 4  The different structures of protein  
(source: https://www.biosciencetimes.com/study-notes/biochemistry/protein-structure/169/) 
 
 
1.3.1 Primary structure 
 
The primary structure of the protein is made up by a specific linear amino acid 
sequence joined together by peptide bonds described above (Belitz H.D and Grosh, 
1986). 
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1.3.2 Secondary structure  
 
The secondary structure of protein depends on hydrogen bonding when peptides have 
specific characteristic local conformations in terms of structure. For example, α- helix 
and β pleated sheet are major types of secondary structures held together by hydrogen 
bonds within the polypeptide chains (Fennema, 2008). The bonds occur between the 
carbonyl O of one amino acid and the amino H of another.  
The α-helix, a rigid and helical structure, is a right-handed coiled strand and 
hydrogen bonds are formed inside, between the oxygen atom in the carbonyl residue 
of an amino acid residue, with the amide hydrogen residue of the fourth subsequent 
amino acid. The β-pleated sheets are linked by hydrogen bonds between the peptide 
backbones of adjacent strands. Βeta-sheets have parallel and anti-parallel 
conformations (Creighton, 1993). Anti- parallel β-sheets generally have more stability 
than parallel sheets because of more well-aligned hydrogen bonds.  
 
 
1.3.3 Tertiary structure  
 
The overall three-dimensional shape of a whole protein molecule is the tertiary 
structure, in which the polypeptide chains fold and twist into a range of complex, 
tangled shapes in order to achieve maximum stability. The folding is achieved via the 
interaction between amino acids side chains in the primary structure that leads to the 
hydrophilic amino acids being predominantly on the surface of the protein and the 
hydrophobic amino acids on the inside. 
The stability of protein tertiary structure is also due to electrostatic interactions 
between positively and negatively charged sites on amino acid side chains. The 
structure is mainly held by covalent disulphide bonds which are formed between the 
side chains of cysteine by a disulfide bridge. Making and breaking of disulphide bonds 
can occur due to the disulphide-sulphydryl interchange process (Howell, 1992). 
Hydrogen bonds between different side-chain groups also link two parts of a 
polypeptide chain.  
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The tertiary structure of proteins is categorised as either globular or fibrous 
protein. Globular proteins are small spherical polypeptide structures compactly packed 
whereas fibrous proteins exist as single long regular structure. Collagen is a fibrous 
protein and has a unique triple helix structure with a repeating sequence of Gly-X-Y 
amino acids. Gels produced by gelatin when the formation of the triple helical structure 
is stabilised by Gl-Pro-Hyp like the parent collagen (Eysturskarð et al., 2009), although 
other amino acids may also be involved (Badii and Howell, 2006). 
 
1.3.4 Quarternary structure  
 
The quarternary structure of protein is the interaction of multiple polypeptide chains 
(subunits) with each other and their arrangement to make up a larger complex structure 
(Fig. 1.4). The stability of the protein’s final shape is by hydrogen-bonding, electrostatic 
and hydrophobic interactions and strong covalent disulfide bridges (Fennema, 2008). 
 
1.4 Fish muscle protein  
 
Fish muscle has a more tender texture than of land animals due to its tendency to have 
less connective tissue. The muscle fibres are being supported by a mass of water, 
which require lesser structural support (Kristinsson and Rasco, 2000). The three main 
groups of fish muscle proteins are myofibrillar, sarcoplasmic and stroma proteins (Kim, 
2013). Protein composition in muscles exist as striated, smooth and cardiac. Of these 
three muscles, the striated muscles are the predominant form in fish. Myofibrillar and 
sarcoplasmic proteins amongst fish proteins have uses such as film-forming material 
(Gokoglu and Yerlikaya, 2015). 
Upon heating, the globular tertiary structure would degrade followed by 
disulphide bond or hydrophobic interaction interactions with adjacent polypeptides as 
the respective groups are exposed. Even when used in very low quantities (0.2%), 
sarcoplasmic proteins exposed to moderate pH (pH 5-9) have high emulsification 
properties (Yongsawatdigul and Hemung, 2010). 
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1.4.1 Myofibrillar protein 
 
The structural proteins which makes up 65-75 % (w/w) of the total protein in fish are 
myofibrillar proteins. They contain myosin and actin. Myosin forms the thick 
myofilaments, ranging from 50 to 60 %, whereas actin (15-20 %), is the principal 
component for thin filaments. Myosin and actin play a role on important functional 
properties in food systems, such as emulsifying capacity, water-holding, binding ability 
and gelation.  Myosin is a vital protein for the elasticity development of fish gels (Zayas, 
1997). 
The rheological and functional properties of fish proteins play an important role 
in some food processing such as surimi based products (Gokoglu and Yerlikaya, 2015). 
The textural properties of products manufactured with fish meat have their gelling 
capacity influenced by myofibrillar fish proteins. 
 
1.4.2 Sarcoplasmic protein 
 
Sarcoplasmic (water or low-salt buffer soluble) proteins constitute approximately 
15-35 % (w/w) of the total muscle protein (Kim, 2013). The sarcoplasmic proteins 
content and composition may vary between species.  
The presence of sarcoplasmic proteins, located in the extracellular matrix, 
strongly affects the myofibrillar protein gels strength, deformability and the water-
holding capacity (Gokoglu and Yerlikaya, 2015). 
 
1.4.3 Stroma protein 
 
Stroma, also known as connective-tissue proteins consist primarily of collagen, with 
the remainder being elastin and gelatin. The content of stroma proteins may range from 
3% up to 10% in fish, depending on their species (Kim, 2013). Collagen constitutes 
90% of non-soluble fish proteins whereas the remainder is elastin (Gudmundsson and 
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Hafsteinsson, 1997, Gudmundsson, 2002). The collagen is where gelatin is derived 
from and this is further explained in section 1.5.2.2. 
 
 1.4.4 Non-protein nitrogen compounds 
 
There are other nitrogeneous compounds which are present in fish muscle, in addition 
to proteins. They are categorized as non-protein nitrogen, including chemical 
compounds such as amino acids, small peptides, creatine, creatine phosphate, 
creatinine, amine oxides, guanidine compounds, quaternary ammonium compounds, 
nucleosides, and nucleotides including adenosine triphosphate (ATP). 
Some unique non-protein amino acids such as taurine, β-alanine, 
methylhistidine and proline dominate in most fish. Three basic dipeptides are 
characterized in fish muscle, which are more present in dark muscles than white 
muscles. They are carnosine (β-alanyl histidine), anserine (β-alanyl-1-methyl histidine) 
and balenine (β- alanyl-3-methyl histidine).  
Fish muscle has white and dark meat, with the white meat being more abundant 
and contains less lipids than the dark meat. White muscle also tends to contain higher 
amounts of guanidine compounds than dark muscles. Dark muscle contains twice of 
nicotinamide adenine nucleotide (NAD), another nucleotide present in fish muscle. 
NAD and its derivates function as a cofactor in biochemical reactions in marine-derived 
organisms such as Maillard browning and post-harvest pH alterations. 
Nucleotides are mostly formed by ATP degradation products. A strong 
correlation has been observed between nucleotide catabolism and the loss of 
freshness of fish. The quality of fish muscle has been associated with the total amount 
of ATP-derived compounds. Trimethylamine oxide (TMAO) is a characteristic non-
protein nitrogen compound in marine species and is negligible in most freshwater fish 
but are present in some species like tilapia. TMAO-breakdown products are measured 
to provide an indicator of fish freshness. Formation of trimethylamine (TMA) depends 
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primarily on the content of TMAO in the fish and gives the characteristic ‘fishy’ odour 
(Gokoglu and Yerlikaya, 2015). 
1.5 Collagen and gelatin 
 
1.5.1 Fish gelatin  
 
Gelatin is derived from its parent protein, collagen via a conversion process. This is 
explained in section 1.5.2.2 below. Gelatin is classified as a derived protein since it is 
derived from collagen (GMIA, 2012). The structural characteristics of gelatin play a role 
in the physico-chemical and functional properties of products. 
 
Gelatin is unique and has the desirable characteristics in that it is tasteless and 
odourless. It is generally brittle and solid, faintly yellow in colour with 8-13% moisture 
content (GMIA, 2012). Gelatin granules when soaked in cold water, get hydrated into 
discrete, swollen particles. Upon being warmed, these swollen particles dissolve to 
form a solution. Gelatin gels principally have a melting temperature below 35°C, that 
is, below human body temperature. Gelatin’s unique characteristic is that it is able to 
form thermos-reversible gels, which means that when the gelatin gel is heated, it 
softens and again turns into a liquid. Then, it is able to return to the gel form when the 
solution is cooled again. This sensorial property is desirable for food applications due 
to its ability to melt and release flavour, when foods containing gelatin are taken into 
the mouth (Boran and Regenstein, 2010). The gel strength of gelatin is relatively higher 
than some of the common gelling agents, which are usually sourced from plants or 
seaweed carbohydrates (Badii and Howell, 2006).  
 Gelatin from marine sources have been studied as a possible alternative to 
bovine and porcine gelatin (Kim, 2013). Gelatin has conventionally been extracted from 
the skin and bone collagens of mainly cows and pigs of the mammalian species. One 
of the strong concerns among consumers over the use of mammalian gelatin is the 
religious sentiments, for instance both Judaism and Islam prohibit the consumption of 
any pork-related products, while Hindus avoid cow-related products. There are also 
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food safety considerations, especially since the outbreak of bovine spongiform 
encephalopathy (BSE; mad cow disease) in the 1980s. These sociocultural and food 
safety concerns have led to intensive research to establish alternatives to mammal-
derived gelatin. 
Fish gelatin is acceptable for niche group consumers such as in Islam, and can 
be used with minimal restrictions in Judaism and Hinduism. Pesca-vegetarians also 
can have an alternative for gelatin. Also, the utilisation of fish skin and bones, which 
are being discarded, can be put to use commercially as a way of addressing good 
waste-management practice, leading to additional economic benefit. 
 
1.5.2 Fish collagen 
 
Fish collagens are of interest to the food processing industry as they are used to 
produce gelatin which is extracted from the collagen (Ninan et al., 2014). Collagen is 
an inextensible fibrous protein that provides mechanical strength, and up to 27 variants 
of collagen have been reported (Gómez-Guillén et al., 2011) There are four major 
groups of collagen: thick, striated fibres; non-fibrous networks; non-striated filamentous 
collagen; and fibrils.  
These molecules are genetically distinct proteins comprising a basic structure 
of three polypeptides chains with a glycine-X-Y repeat (where X, mostly proline and Y 
is hydroxyproline). The molecules make up triple helices, stabilized by intra- and 
interchain hydrogen bonding. On cooling they aggregate to form gels (Badii and 
Howell, 2006).  
The properties of a collagen vary with the raw material and species. Fish 
collagen manufactured by the industry is a type I collagen, and is mostly extracted from 
skins and scales, both from freshwater and sea fish. Type- I collagen exists in all 
connective tissues, such as  bones and skin, Type –II collagen is found in cartilage, 
and type III is present in vascular tissues, skins and intestines. Only small amounts of 
Type – V collagen are found (Alfaro et al., 2015).  
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In general, fish collagens, particularly from cold water species, have a lower 
imino acid content than mammalian collagens which may contribute to lower 
denaturation temperature.  The source of collagen can influence the composition of 
gelatin in two ways; firstly, gelatin’s amino acid composition will be similar to the parent 
collagen and will therefore reflect directly the influence of species and type of tissue. 
Secondly, different collagens may require variations in the nature or severity of the 
pretreatment which also result in differences in composition. Fish collagen, compared 
with mammalian collagens, tend to have higher amounts of hydroxyamino acids, serine 
and threonine whilst lower hydroxyproline and to a lesser extent, proline (Ward and 
Courts, 1977). 
 
 
1.5.2.1 The chemistry and structure of collagen and gelatin  
 
 
Figure 1. 5 Structure of collagen triple helix  
(source: http://www.namrata.co)  
 
Collagen has a unique triple helix structure that is based on a special helix of three 
polypeptide chains with high levels of imino acids, which includes two modified amino 
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acids, hydroxyproline and hydroxylysine. The molecular structure is mainly the multiple 
repetition of a “Glycine-X-Y’’ sequence, where ‘’X’’ is represents mostly proline and ‘’Y’’ 
is often hydroxyproline. Each polypeptide chain is left handed and has three amino 
acids per turn. These three polypeptide chains, called α-chains, are super twisted 
around one another and form a superhelix that is right handed. The basic structural 
unit of the collagen superhelix is called tropocollagen (Boran and Regenstein, 2010). 
The α-chains, due to the presence of Pro and Hyp, forms a left-handed helix, 
which give the chain its kink and turns in order to stabilise the secondary structure of 
single helix. The collagen molecule is primarily stabilized by hydrogen bonds between 
the backbone amino group and the backbone carboxyl group of a residue in the X 
position of a neighbouring α-chain, which is usually a proline. Proline in the Y position 
is generally hydroxylated post translation into hydroxyproline, which also attributes 
significantly in the formation of intra and intermolecular hydrogen bonds. 
Hydroxyproline is, therefore, important for both the structure of the collagen molecule 
and of the collagen fibrils (Boran and Regenstein, 2010). 
 
1.5.2.2 The conversion of collagen to gelatin 
 
Gelatin is a soluble polypeptide derived from insoluble collagen, and is the result of 
denaturation or disintegration of collagen and removal of non-protein materials in order 
to obtain the maximum yield. As described by Ward and Court (1977), the simplest 
route from collagen to gelatin is the denaturation of soluble collagen. Collagen 
conversion to gelatin involves the breaking of the hydrogen bonds. These bonds 
stabilize the triple-coil helix and transform it into the random coil configuration of gelatin. 
Collagen to gelatin changes comes in three stages. Firstly, the collagen 
molecule’s helical structure collapses and is followed by the unrolling of the molecular 
chains and the consequent reduction of molecular weight (Figure 1.2). This acid, alkali 
and warm water treatment disrupts the non- covalent bonds and protein structure. 
Collagen solubilisation takes place due to swelling and breakdown of intra- and 
intermolecular bonds, which leads to irreversible soluble gelatin formation and colloidal 
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properties at the right concentration and temperature (al., 2013). Gelatin possesses 
the basic property of being capable of forming and stabilizing hydrogen bonds with 
water molecules to form a stable three-dimensional gel (Kim, 2013). 
 
1.5.3 The unique properties/ characteristics of fish gelatin  
 
Gelatin has a melting temperature below 35°C, which makes it unique in terms of its 
sensory aspects, especially flavour release, which is particularly desired for some food 
applications.  
The characteristics of fish gelatin can be compared between species of fish as 
well as with mammalian gelatin in terms of the physiochemical, textural, rheological 
and sensory properties. Gelatin from warm water species such as tilapia have physical 
properties similar to those of mammalian gelatin (Gómez-Guillén et al., 2011).  
 
1.5.3.1 The comparison between cold water and warm water species. 
 
Gelatin can be exploited from various marine and freshwater sources. Based on their 
living environments, fishes are usually subdivided into four groups: hot-water fish, 
warm-water fish, cold-water fish, and ice-water fish. There are differences between 
species of fish. A large part of commercial fish gelatins come from freshwater fish 
aquaculture production, which warm-water fish species are from.   
Tilapia fish is a warm-water species of fish and its gelatin contains higher levels 
of amino acids than cold-water fish gelatin (Kim, 2013). (Haug et al., 2004) reported 
that tilapia species have higher melting and gelling properties like those of mammalian 
gelatin, which contains about 70 hydroxyproline (Hyp) and 119 residues proline (Pro), 
per 1000 amino acid total residues. Kim (2013) further explained that gelatin derived 
from fish species living in cold environments has a lower hydroxyproline content and 
exhibits lower rheological properties than that from fish living in warm environments.  
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Lin et al., (2017) suggested that cold-water fish gelatins with a lower gelling 
ability can be mixed with stronger gelatins from warm-water fishes or mammalian 
gelatins in order to enhance their gel properties. As a comparison with warm-water fish, 
cold water fish has a low gelling temperature, low gelling and melting temperature as 
well as low gel modulus.  
 
1.5.3.2 Comparison with mammalian gelatin performance. 
 
The reason why warm water fish has the greatest promise or potential for replacing 
mammalian gelatin is because warm water species have closer physical-chemical 
properties similar to mammalian gelatins than cold water fish gelatin  and has been 
used in commercial products (Gudmundsson, 2002). For example, cold water fish skin 
gelatin was tried as a new additive for yogurt, this kind of gelatin significantly reduces 
graininess and syneresis of samples, but because of low gel strength of this has bad 
effects on textural properties of yogurt. 
This is further reinforced by (Gilsenan and Ross-Murphy, 2000) who examined 
different blends of mammalian and fish gelatins (tropical and cold water species of 
tilapia, tuna, megrim and cod species) and investigated how the properties of the single 
component gels are altered in blends. They found that warm water fish gelatins were 
similar to mammalian samples.  
Fish skin has significant potential for the production of high-quality gelatin with 
a wider range of melting and gelling temperatures and viscoelastic properties 
compared with than mammalian gelatin  (Kim, 2013), (Badii and Howell, 2006), (Mhd 
Sarbon et al., 2013), (Boran and Regenstein, 2010) and (al., 2013). The performance 
of fish gelatin and mammalian gelatin for yellow fin tuna, tilapia and Alaska Pollock 
have been compared to mammalian gelatins (Cho et al., 2005) and (Zhou et al., 2006). 
Fish gelatin from fish by-products has demonstrated better aroma release ability 
with less off-flavour and characteristics compared to mammalian gelatin.  Tilapia and 
giant catfish showed comparable functional properties to commercial beef skin gelatin 
and hence are possible sources for gelatin with high yield and desirable functionality 
(Rawdkuen et al., 2013). (Ninan et al., 2014) also found that bovine and porcine skin 
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gelatins had a distinguishable odour, therefore inferior organoleptic qualities, when 
compared with carp skin gelatin. 
Aquatic gelatins have very similar properties to mammalian gelatins, making 
them a potential substitute for pork and beef gelatins in many applications (Lin et al., 
2017). Although the main limitation of the use of aquatic gelatins, when compared to 
mammalian gelatins, is their weaker rheological properties. However, the properties of 
aquatic gelatins can be improved by means of using physical, enzymatic and natural 
cross-linking agents if required. 
 
1.5.4 Physico-chemical and functional properties of gelatin 
 
1.5.4.1 Physical properties of gelatin 
 
The physicochemical and functional properties of fish protein play a fundamental role 
in the food industry and its end products (Foh, ,2011). The characteristics of the initial 
collagen and extraction process are the main factors that affect fish gelatin properties. 
Also, one of gelatin’s important property is the ability to form thermo-reversible gels in 
water. 
The gel strength and viscosity, two of the most useful properties of gelatin, are 
gradually weakened on prolonged heating in solution above approximately 40°C               
(GMIA, 2012). Gel strength is one of the vital quality characteristics used in the gelatin 
industry to differentiate gelatins (Boran and Regenstein, 2010). The gel strength 
depends upon gelatin concentration, the intrinsic strength of the gelatin, pH, 
temperature, and the presence of any additives. The intrinsic strength of gelatin is a 
function of both structure and molecular mass (GMIA, 2012). 
The viscosity of gelatin is partially controlled by the average molecular weight 
and molecular size distribution of the proteins, as described by (Liu et al., 2014). The 
viscosity depends on the concentration, temperature, pH and added salts.  Some 
research showed that some fish gelatin solutions had higher viscosity than some pork 
and calf gelatins. The viscosity is mostly affected by molecular weight distribution. By 
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having high molecular weight fractions gelatin may give rise to high viscosity but not 
necessarily high gel strength as well. Generally, fish skin gelatins are expected to have 
a lower viscosity compared to that of gelatins obtained from porcine and bovine sources 
with similar molecular weight distributions (Boran and Regenstein, 2010).  For 
example, gelatin samples from fish skin give surprisingly high viscosity while giving low 
gel strength compared to that of pork skin gelatin due to the carefully controlled 
extraction conditions and consequently, the presence of higher molecular weight 
protein fractions (Boran and Regenstein, 2010). Zhou et al.., (2006) compared the 
properties of Alaska Pollock skin gelatin (12.0 cP), tilapia skin gelatin (3.8 cP) and pork 
skin gelatin (4.7 cP). The viscosity of farmed giant catfish skin gelatin (112.5 cP) was 
almost 4 times greater than that of calf skin gelatin (31 cP) (Jongjareonrak et al., 2010). 
Boran et al., (2010) found that the viscosity of gelatins from silver carp skins was the 
highest among the samples studies, and significantly higher than that of pig skin, 
chicken or bone gelatins.  
 
1.5.4.2 Chemical composition of gelatin 
 
Gelatin’s basic elements comprises 50.5% carbon, 6.8% hydrogen, 17% nitrogen and 
25.2% oxygen (GMIA, 2012). The chemical characteristics of gelatin comprises of the 
amino acid composition and peptide size in relation to quality (Boran and Regenstein, 
2010). The amino acid composition of gelatin is characterized by Gly-X-Y triplets in 
repeated sequence, X being mostly proline and Y is mostly hydroxyproline (Eastoe, 
1977). 
According to Chiou et al., (2006) the amino acid composition have differences 
which gives significant effects on the melting and setting temperatures of gelatin 
obtained from different sources. The higher proline and hydroxyproline content of pork 
gelatin correlated with stronger gels having higher gelling temperatures. Besides 
proline and hydroxyproline, the content of glutamic acid, aspartic acid, lysine, 
hydroxylysine, arginine and histidine are also important in cross-link formation and 
electrostatic interactions. As collagen usually lacks cysteine, there are no disulfide 
bonds in the collagen structure. 
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The sensory, emulsifying, film forming and rheological properties of fish gelatin 
have been researched. The applications, functionality and commercial value depend 
on the physical, rheological and thermal properties as well as chemical properties 
(moisture, ash, pH), amino acid composition, molecular weight and the α-chains 
content (Alfaro et al., 2015).  
 
1.6 Functional properties of gelatin  
 
The functional properties of gelatin such as the distribution of molecular weight, 
structures and composition of its subunits, are correlated to their chemical 
characteristics (Muyonga et al., 2004). 
 
1.6.1 Molecular weight of gelatin  
 
The molecular weight of gelatin has been used to explain the partial aspects of gelatin 
behaviour in solution and in gels (Johnston-Banks, 1990) In addition, the molecular 
weight distribution is used in the choice of special types of gelatin for selected particular 
applications or for obtaining certain functional properties by blending different types of 
gelatin or molecular weight fraction (Schrieber, 2007).  
The random coils of gelatin consist of three basic types of chains such as alpha 
chain (a), beta-chain (P) and gamma-chain (y). A single gelatin has several molecular 
weights and this determines its characteristics, such as colloidal dispersion in water, 
viscosity, adhesiveness and gel strength (Liu, 2001). 
The properties of gelatin depend as well on the molecular weight distribution of 
collagenous components and on the a1/a2 ratio (Gómez-Guillén et al., 2002). Only a, 
b, and c components contribute to gelatin’s elastic properties (Kołodziejska et al., 
2008). 
24 
 
The molecular weight of collagen molecule is about 330 kDa whilst gelatin is 
generally considered to be all collagen fractions with a molecular weight higher than 
an arbitrary minimum of 30 kDa. When most fractions are below 30 kDa, the product is 
usually called a gelatin hydrolysate, as such products are not able to form a gel, 
although these peptides are believed to participate in gel formation (Eastoe, 1977). The 
molecular weight of gelatin molecules and the extraction method influence the gelling 
property. Gelatin with high molecular weight distribution had inferior gelling properties 
compared to high molecular weight gelatin (Badii and Howell, 2006). The molecular 
weight distribution affects the viscosity of gelatin, as found by (Boran and Regenstein, 
2009).  
Gelatin samples having high molecular weight fractions could result in high 
viscosity but that does not always mean that their gel strengths would also be high. 
Gelatin samples from fish skin, for example, give unexpectedly high viscosity while 
giving low gel strength compared to that of pork skin gelatin due to the carefully 
controlled extraction conditions and consequently, the presence of higher molecular 
weight protein fractions. Therefore, fish skin gelatins are generally expected to have a 
lower viscosity compared to that of gelatins obtained from porcine and bovine sources 
with similar molecular weight distributions. 
Tilapia skin gelatin showed typical molecular weight distribution of type I 
collagen, with band equivalent to α1 and α2 chains (~100 kDa). α3 chains were not 
observed but low molecular weight peptides and a small fraction of β components were 
observed (~ 200 kDa) (Alfaro et al., 2013). The gel strength is attributed by the relative 
content of chains with α, β or lambda components, high molecular weight protein 
fragments. The resultant gelatin has molecular weight lower than the parent collagen 
and consists of a mixture of fragments with a molecular weight in the range of 16– 150 
kDa (Asghar and Henrickson, 1982).  
 
1.6.2 Gelatin gel strength (Bloom value) 
The gel forming quality of gelatin is a significant physical quality parameter. The 
measurement of this property is very important from both a control standpoint and as 
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an indication of the amount of gelatin required by a particular application (GMIA, 2012). 
The standard method of measuring gel strength by the Gelatin Manufacturers Institute 
of America (GMIA) of gelatin prepared at 6.67% concentration is measured at 10°C. If 
the gelatin is contaminated with other proteins, the amount of actual gelatin evaluated 
would be less than 6.67%. The resulting gel strength by adopting this official method 
may be called ‘’Bloom strength’’. 
The commercial value of gelatin is principally based on its bloom value (Zhou et 
al., 2006). Bloom determines the gel strength and viscoelastic properties such as 
gelling, melting as well as the quality of gelatin. Under standard conditions, the surface 
of a standard, thermostated gel is depressed by a specific plunger to a defined depth 
which makes up the bloom value having units of weight in gram (Schrieber, 2007).  
The gel strength depends on gelatin concentration and the ability of gelatin in 
forming and stabilizing hydrogen bonds with water molecules to form a stable three-
dimensional gel (Poppe, 1992). The Bloom value/ gel strength is categorised as (i) Low: 
< 150, (ii) Medium: 150-220 and (iii) High: 220-300. The gelling strength of commercial 
gelatin ranges from 50-300 bloom (g), but gelatins with higher bloom values of 250-260 
bloom (g) can be the most desirable.  The range of bloom values of the various gelatins 
are due to different species of collagen having differences in proline and hydroxyproline 
content.  
Another factor is the temperature of the habitat of the animals (Karim and 
Rajeev, 2009). High bloom gelatin has characteristically higher melting and gelling 
points and shorter gelling times in the final products, is lighter in colour and more 
natural in odour and taste (Schrieber, 2007). 
 
1.6.3 Rheological properties of gelatin   
 
Rheology is the study of flow and deformation of materials to evaluate resistance of 
products against mechanical damage, determine flow properties of products during 
processing and to establish mechanical behavior of food when consumed. Rheological 
methods have gained importance and found applications in the determination of gelatin 
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quality. Rheological properties of gelatin can be measured by small deformation using 
a mechanical rheometer, or large deformation rheology with a texture analyser. Gelatin 
gel physical properties can be extensively characterized by rheology testing 
(Foegeding, 2005). The dynamic rheological test is used to characterize the gelation, 
melting and cross-linking behavior of gelatin samples.  
The rheological properties of gelatin define  the development of a network in 
gelatin solutions which can be measured with the aid of viscoelastic measurements, in 
particular, dynamic mechanical (oscillatory) measurements, whereby the storage 
modulus (G’) and loss modulus (G’’) are obtained. Rheological measurements of both 
melting and gelling temperatures give highly reproducible results. The melting and 
gelling temperature of gelatin is determined by heating or cooling respectively. The 
gelatin gel sample is prepared at a certain concentration and matured at a specific 
temperature for a certain time period to standardize the procedure to be able to 
discriminate the samples based on their chemical differences.  
Gelation is a process or series of processes which leads to the formation of a 
gel. In principal, the process when crosslinking chains occur can lead to branching and 
eventually to gelation. This is conditional provided that intermolecular are favoured over 
intramolecular bonds (Kavanagh and Ross-Murphy, 1998).  
During gelation, the storage modulus G’ elastic part) and loss modulus G’’ 
(viscous part) comes to equilibrium at a specific geometric point. The crossover points 
of G’ and G’’ on the cooling curve is the temperature of the sol-gel transition, or the gel 
point whereas for the heating curve, this crossover point is the gel melting point or gel-
sol transition temperature (Schrieber and Gareis, 2007).  This is further reinforced by 
other authors. The G’ and G’’ from the graph was considered as the gelling or melting 
temperature of gelatin, respectively (Boran et al., 2010).  
The sol-gel transition of gelatin needs to be interpreted in terms of the G’, G’’ values 
and G’/G’’ crossover temperatures.  The elastic or storage modulus (G') and viscous 
or loss modulus (G’’) are the two main parameters determined in a dynamic rheological 
test.  G' is the amount of energy that is stored elastically in the structure and G’’ 
indicates the amount of energy loss or the viscous response. G’ is a measure of the 
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solid-like response of the material whereas G’’ is a measure of liquid-like response 
(viscosity) of the material (Chiou et al., 2006).  
A steep increase in G’ indicates that the gelatin molecules start to rearrange and 
gel, by linking at junction zones, resulting in a three-dimensional network formation 
(Gilsenan and Ross-Murphy, 2000). A high density of gelatin molecules in solutions 
makes crosslinking, aggregate formation and network formation easier than at a lower 
density (Somboon, 2014).  
Gelling temperature is when the gelatin solution will commence gelling when the 
temperature drops below a certain point (Meng and Cloutier, 2014). The gelling 
temperature is when G’ and G’’ intersect during the cooling period whilst the melting 
temperature is when G’ and G’’ intersect in the heating period (Gudmundsson, 2002). 
With increasing temperature, the gelatin gels began to soften and the value of G’ 
decreased. Eysturskard et al., (2009) suggested the changes in gelling temperature of 
the gelatins samples studied may be due to molecular weight differences. As the gelling 
temperature increased with increasing gelatin concentration and increasing weight 
average molecular weight, the critical gelling concentration was suggested to decrease 
upon increasing the weight average molecular weight. The lower gelling temperatures 
for low weight average molecular weight fish gelatins may be explained by peptide 
fragments (> 14 kg/mol) obtained by hydrolysis. 
The gelling and melting temperature of fish gelatin was found to have a big variation 
and is affected by source of gelatin, extraction method and gelatin concentration 
(Michon et al., 1997). Moreover, gelatins from the same species may have varied 
gelling and melting properties due to different extraction methods (Bai et al., 2016).  
  Thermo-reversible gels start melting at lower than human body temperature 
when the temperature increases above a certain point, called the gel melting point 
(Meng and Cloutier, 2014). The crosslinks in physical gels are of small but finite energy 
which can be found in biopolymer gels. Crosslinks are formed by physical gel 
mechanisms such as Coulombic, dipole-dipole, van der Waal’s, charge transfer, 
hydrophobic, and hydrogen bonding interactions (Burey et al., 2009). The 
thermoreversible gel of gelatin is formed when the gelatin solution concentration is 
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greater than the critical gelation concentration via a cold-set gelation process  (Bai et 
al., 2016). The concentration range for mammal-based gelatin is between 0.4- 1.0 % 
(Clark and Ross-Murphy, 1987); (Gilsenan and Ross-Murphy, 2000).  
 During storage, gelatin gel may strengthen mainly due to regeneration of helical 
structures between collagen peptide chains, as well as due to formation of hydrogen 
bonds between hydroxylated amino acids and incorporated water molecules (Babel, 
1996);(Haug et al., 2004). Hydroxyproline’s role is crucial in the stabilization of the 
triple-helix strands of collagen by its hydrogen bonding ability through its -OH group 
(Burjanadze, 1979);(Ledward, 1986). Also, a lower hydroxyproline content may lead to 
a lower melting temperature.  
Gelatin’s gel structure stability is determined by the higher content of 
hydroxyproline, which may have higher viscoelastic properties and its ability to develop 
triple helix structures (Gómez-Guillén et al., 2011). Additionally, low molecular weight 
gels melt at a lower temperature so the lower the molecular weight results in the greater 
the number of crosslinks per unit volume needed to form a gel (Gilsenan and Ross-
Murphy, 2000). 
A temperature sweep test is performed for this purpose and there has been the 
use of this type of test by other authors. (Chiou et al., 2006) used temperature sweep 
tests to determine the melting and gelling temperature of gelatin gels. (Zhou et al., 
2006) used temperature sweep tests to compare the melting temperatures of gelatin 
gels from different sources.  
Other rheological tests, including time sweep, frequency sweep, stress sweep 
and strain sweep have found applications in determination of gelatin gels  according to 
their strength and elasticity (Boran and Regenstein, 2010).  
Frequency sweep tests are useful to determine if the gelatin gels change with 
the changing frequency of the stress applied. The frequency sweep curve gives a good 
rheological description of how the product will behave during storage and application 
(Sarbon et al., 2015) e.g during transportation. If frequency almost had no effect means 
the gelatin is a strong gel (Boran et al., 2010).  
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 (Bai et al., 2016) reported frequency sweep test for tilapia skin gelatin 
dispersions of 0.5 to 6.6% at 40°C, as well as 0.5% gelatin dispersion at temperature 
ranging from 2 to 40°C exhibited sol characteristics with only G’’ detected under the 
test conditions. For gelatin gel, the complex viscosity decreased with an increase of 
frequency which was similar to the results for bovine collagen solutions (Lai et al., 2008) 
and for snapper skin gelatin  (Binsi et al., 2009). Gelatin dispersions (> 1.0%) at 15°C 
or lower temperatures formed well-structured gels (G’>G’’) with both G’ and G’’ almost 
independent of frequency.  
 Stress and strain sweep tests are used to determine the linear viscoelastic 
region of the gels. An example is by (Zhou et al., 2006) who used strain sweep and 
frequency sweep tests to compare the gelatin gels from different sources based on 
their viscoelastic properties. Time sweep tests are used to determine if the gelatin gels’ 
viscoelastic properties change with time at a controlled temperature and at a set level 
of stress applied. 
 
1.6.4 Large deformation test 
 
Besides small deformation rheology, the breaking properties of model studies on food 
structuring agents are as essential. Large deformation testing involves subjecting a gel 
sample to stresses and strains beyond the linear viscoelastic region, usually with a 
texture analyser. The sample is examined in tension/compression or shear, up to past 
the yield or failure point (Kavanagh and Ross-Murphy, 1998). In this manner, gelatin’s 
gel structure is not significantly damaged during large deformation analysis.  
The large deformation behavior occurs by two phenomena: (i) the non-linear 
elastic response of the material under conditions where the simple linear relation 
between applied deformation and resulting force no longer applies; (ii) the failure of 
the material at certain critical strain, the breaking strain  (Bot et al., 1996) 
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1.6.5 Phase contrast microscopy 
 
Phase contrast microscopy is a contrast-enhancing optical technique to give high-
contrast images of transparent specimens such as living cells and the enables 
specimens (Murphy et al.). Phase contrast microscopy has been commonly used by 
other authors to examine the microstructure interactions of whey protein and chicken 
skin gelatin (Sarbon et al., 2015); soya proteins and whey proteins (Comfort and 
Howell, 2003).  
Examples of other microscopy techniques employed are such as scanning 
electron microscopy (Shrinivas et al., 2009) fish gelatin and agarose have been used 
to observe continuous phase by the fish gelatin, transmission electron microscopy to 
study gelatin and maltodextrin phase separation (Lorén et al., 2001), confocal laser 
scanning microscopy and scanning electron microscopy both used to investigate 
structural features of mixed cold-set gels containing whey protein isolate and a variety 
of polysaccharides (van den Berg et al., 2009) and light scattering and confocal 
microscopy to study the microstructure formation in mixed whey protein-polysaccharide 
cold-set gels (de Jong et al., 2009). 
 
1.6.6 Differential Scanning Calorimetry (DSC) and thermodynamic properties of 
gelatin 
 
The thermal analysis allows the study of the relationship between a sample property 
and its temperature if the sample is heated or cooled in a controlled manner. The 
analysis is important in understanding products containing gelatin such as ice cream, 
marshmallows, etc. due to the significant impact on the processing, storage and texture 
of these end products.  
DSC is a thermoanalytical technique that is used to investigate the thermal 
properties of gelatin gel and relates to the heat stability/denaturation of the protein 
network. Thermal denaturation is when collagen undergoes physical and chemical 
degradation and the breaking of the triple helix structure into random coils into gelatin 
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(Bigi et al., 2004). DSC measures the temperatures and heat flow associated with 
transitions in materials as a function of time and temperature. The total energy required 
for denaturing the protein, the enthalpy change (∆H), is measured by integrating the 
area under the peak (Badii and Howell, 2006). The endothermic peak was is selected 
as the melting temperature or transition temperature (Tm) of gelatin gels and the 
reading was recorded (Jongjareonrak et al., 2010).  
The DSC plot exhibits an endothermic peak in relation with the helix–coil transition 
of collagen. The value of the denaturation enthalpy associated with this peak is related 
to the relative amount of triple helical structure in the samples. The denaturation 
transition has been ascribed both to hydrogen bonds, which break endothermically, 
and to covalent crosslinks, which break exothermically. The endothermic process of 
collageneous materials involves hydrogen bonds rupture of and the triple helix 
rearrangement into a random configuration (Tanioka et al., 1976);(Achet and He, 
1995). 
In DSC, the difference in heat flow to the sample and a reference (distilled water 
placed in inert aluminium pan) at the same temperature was recorded as a function of 
temperature;hese are maintained at nearly the same temperature throughout the 
analysis. Gelatin samples undergo an endothermic type of phase transition of its solid 
to liquid due to the absorption of heat, as it will require more heat flowing to the sample 
to increase its temperature at the same rate as the reference. At high gelatin 
concentration, the junction zones concentration increases and the average distance 
between junction zones decreases and high energy is needed to break hydrogen 
bonds for helix to coil transitions. The denaturation temperature of the gelatin gels was 
in the form of heat flow detected by DSC which correspond to the energy absorbed by 
gelatin gels to reach the helix-to-coil conformation through melting of the junction zones  
(Michon et al., 1997). The lower the melting temperature results in the smaller the 
number of helical structures present and therefore attribute to lower  values of enthalpy 
(Gilsenan and Ross-Murphy, 2000). 
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1.7 Interaction of gelatin with other nutrients   
 
Hydrocolloids can be mixed together to enhance their performance and this includes 
gelatin since fish gelatin alone have lower gel strength than mammalian gelatin 
explained in Section 1.5.3.2.  
The interaction of gelatin with whey protein is another interesting study and the 
commercial use of both ingredients combined can be useful technologically for 
applications such as emulsification and foaming of foods. Whey protein is known to 
possess good foaming properties. In comparison to other milk proteins like casein, 
whey proteins although offering less surface activity can offer far superior foam 
stabilizing properties creating a more rigid film at the air/water interface of the foam 
(Foegeding et al., 2002).  
There has been several findings reported by Lin et al., (2017) on the interaction 
of gelatin with proteins and these are further explained in Chapter 4. Whey proteins 
had a negative effect on the rheology and texture of gelatin gels due to not having a 
positively charged amino acids on its surface like casein. The casein raction interacts 
with the negatively charged gelatin at pH 6.6 and 8.0 (Pang et al., 2014). 
Devi et al., (2014) suggested in a mixture of 5% gelatin + 5 or 10% whey protein 
showed an increase in G’ (elastic modulus) during cooling from 20 °C  to 5 °C. It was 
assumed low concentrations of whey protein first developed a low density network 
during heating, which allowed the gelatin molecules to form triple helical structures in 
its interstices (gap).  
Taherian et al., (2011) reported that WPI-fish gelatin mixture (1% WP and 10% 
gelatin) can be used as an effective emulsifier for formulating food emulsions under 
acidic conditions. The application can be for industrial dispersions to deliver functional 
ingredients into the beverages. 
  Protein-protein interaction and protein-polyphenol interactions takes place 
either in a synergistic or phase separation form between the reaction of gelatin, whey 
protein, and green tea when combined together. The interaction of gelatin with whey 
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protein is another interesting study and the use of both ingredients combined can be 
useful technologically for applications such as emulsification, foaming of foods. 
Proteins present physical and chemical properties with functionality which gives food 
the desirable characteristics as well as physical behaviour during preparation, 
transformation and storage (Alleoni, 2006).  
The interesting and technologically useful properties produced by protein 
interactions including enhanced gelation properties by synergistic interactions, phase 
separation and new textural properties and aggregation of oppositely charge proteins 
(Howell, 1992). These types of interactions can create more useful applications for the 
technology of food processing. For instance, synergistic interactions have been 
observed in egg albumen-plasma proteins mixtures (Howell and Lawrie, 1984) and  
(Ngarize et al., 2005) where these small globular proteins produced compatible gel 
structures.  
Phase separation occurs in protein mixtures that do not associate due to physical 
and chemical differences including soya, meat, soluble wheat protein and whey 
proteins. In binary protein-protein and protein polysaccharides mixed gels such as milk-
soy proteins, gelatin/whey (Walkenström and Hermansson, 1994), soya-whey (Comfort 
and Howell, 2002) and meat-soluble wheat protein (Comfort and Howell, 2003) which 
suggest that the two biopolymers formed independent phase-separated networks 
identified by viscoelastic measurements and microscopy. The functional properties of 
gelatin used in food systems can be further improved/ explored by combining these 
with studying the interaction with other food proteins and polysaccharides such as egg 
albumin protein, whey protein and carrageenan. 
Green tea is also another ingredient to contribute to the properties of the gelatin 
application in foods. This is further described in Chapter 5. Green tea has a long history 
of medical use in Asian countries such as China, India, Japan, and Thailand. Green 
tea contains polyphenols, which include flavanols, flavandiols, flavonoids, and phenolic 
acids compounds which may account for up to 30% of the dry weight. Flavonols, more 
familiarly known as catechins account for most of the polyphenols. The major 
flavonoids of green tea are various catechins, which are found in greater amounts in 
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green tea than in black or Oolong tea. Four kinds of catechins mainly in green tea are 
epicatechin, epigallocatechin, epicatechin-3-gallate, and EGCG (Chacko et al., 2010).  
Matcha is a higher quality type of green tea powder is obtained from ground dry 
green tea leaves which are shade-grown and steamed for drying, before milled and 
grinding it to get the finest powder (Chua, 2012). An example of matcha use is Asian 
influenced dessert of green tea pudding formulated with gelatin, green tea powder and 
other ingredients. In order to make it kosher/halal, fish gelatin can be used instead of 
non-permissable mammalian gelatins. 
Green tea has constituents i.e. polyphenols such as EGCG, at their optimal 
concentrations appear to interact with egg albumen proteins, thereby stabilising the 
interfacial film. The composition of green tea matters as different compositions of the 3 
kinds of instant green teas had different effects on foaming ability and foam stability of 
egg albumen (Wu et al., 2007). However, there are limited experimental data relating 
to the effects of polyphenol interactions on protein functional properties e.g foaming 
ability and stability, gelation properties, emulsification properties. Most studies have 
been limited to the interaction of a particular protein or a narrow range of polyphenols. 
Further research needs to address interactions of a range of proteins and polyphenols 
to attempt to elucidate the effects of polyphenols on protein functional properties that 
may influence the fate of polyphenol application in food processing (Wu et al., 2007). 
 Yuksel et al., (2010) reported that the interactions between polyphenols 
and proteins are still unclear. Polyphenols may interact covalently or non-covalently 
with proteins. The non-covalent interactions between phenolic compounds and 
proteins have been suggested to be attributed by hydrophobic interactions and then 
stabilized by hydrogen bonding (Prigent et al., 2003). A study by vonStaszewski et al., 
(2011) on gelation characteristics of whey protein concentrate (WPC) in presence of 
green tea polyphenols. Mixtures of WPC35 (8 and 30% w/v) and green tea polyphenols 
(0.25–1% w/v) were prepared at pH 4.5 and 6.0 to be compared for their gel firmness. 
It was found the addition of polyphenols improved the gels firmness and adhesiveness 
at pH 6.0, whereas no significant differences were seen at pH 4.5. 
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1.8 Gelatin hydrolysates 
  
Alcalase produced from Bacillus licheniformis, is an alkaline enzyme which is suitable 
for hydrolysis of tilapia gelatin hydrolysate. The hydrolysate’s peptide functionality is 
strongly influenced by the enzyme specificity.  
Alcalase hydrolysis was found to have the highest protein recovery compared 
to those other enzymes amongst neutrase and papain used on capelin fish (Shahidi et 
al., 1995). Results revealed that protein recoveries with commercial enzymes reached 
51.6-70% in comparison with the autolytic hydrolysis yield of 22.9%. The effectiveness 
of alcalase at producing antioxidant hydrolysates from gelatins of different marine 
sources was reported by Aleman et al., (2011). The antioxidant activity of several 
marine skin gelatins (squid, tuna and halibut) with the use of different enzymes, 
including alcalase were studied. Alcalase gave the hydrolysates the highest ABTS 
radical scavenging ability and squid hydrolysates prepared using Alcalase was the 
most effective in reducing ferric ions, as compared to collagenase and trypsin. Guerard 
et al., (2001) and Elavarasan et al., (2014) used Alcalase for the hydrolysis of yellowfin 
tuna and fresh water carp frozen mince, respectively. The controlled hydrolysis of tuna 
stomach protein through action of Alcalase provided a high proportion of peptides.  
According to Elavarasan et al., (2014), alcalase is a serine endoproteinase with 
a broad specificity towards native and denature proteins, and is active under alkaline 
conditions. The foaming stability of 90% was significantly higher for other enzymes, i.e. 
flavourzyme and bromelain than alcalase and protamex (15-30%). Kristinsson & Rasco 
(2000) reported the increase in solubility of fish proteins when hydrolysis was made 
with Alcalase at higher degrees of hydrolysis due to protein’s significant structural 
change that led to gradual cleavage into smaller peptide units. 
 
1.8.1 Hydrolysis process 
 
The hydrolysis process, that is, the proper control and the exact mechanism of protein 
hydrolysis in most cases was not fully understood. Aleman et al., (2011) found that the 
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molecular weight distribution of the starting gelatins did not seem to influence the 
accessibility of the gelatin chains to the enzyme attack. The active site of an enzyme 
is highly specific for certain substrates. According to Galla et al. (2012), in general, the 
enzyme interacts rapidly with the insoluble protein particles, and then polypeptide 
chains that are loosely bound to the surface. The more complex proteins are 
hydrolysed more slowly. 
Hydrolysis exposes some of the hydrophobic groups to the surface, but at the 
same time coverts even more hydrophobic groups to hydrophilic groups by generating 
two end carbonyl and amino groups. The smaller peptides from myofibrillar protein 
hydrolysis have increased ability to form hydrogen bonds with water as they have 
proportionally more polar residues which increases protein solubility to that of the intact 
protein (Kristinsson and Rasco, 2000). 
Proteases are further hydrolysed into endoproteinases or exopeptidases. Some 
proteases preferentially catalyse the hydrolysis of bonds adjacent to a particular amino 
acid residue, while others are less specific. There are three consecutive reactions of 
protease catalysis process, which are: (1) the formation of the Michaelis complex 
between the original peptide chain and enzyme, (2) cleavage of the peptide bond to 
liberate one of the two peptides, and (3) a nucleophilic attack on the remains of the 
complex to split off the other peptide and to reconstitute the free enzyme. 
The hydrolysis of peptide bonds leads to an increase in the numbers of ionisable 
groups (NH3+ and COO-), with a concomitant increase in hydrophobicity and net 
charge, a decrease in molecular size of the polypeptide chain, and an alteration of the 
molecular structure leading to the exposure of the buried hydrophobic interior to the 
aqueous environment. The enzyme substrate complex may dissociate back to reactant 
substrate and free enzyme, or to free enzyme and product molecules. 
The mechanism of hydrolysis for yellowfin tuna stomach is outlined by(Guérard 
et al., 2001) Guerard et al. (2001). The mechanism of hydrolysis of tuna proteins was 
relatively complex to analyse because the substrate consisted largely of insoluble 
proteins, whereas the enzymes were soluble. The overall reaction involved at least 2 
steps: (1) In the 1st step, the enzyme molecules become associated with and bound to 
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the fish particles. Subsequently when hydrolysis took place, resulting in release of 
soluble peptides and amino acids. (2) After addition of the enzyme, there was an initial 
fast phase during which a major number of peptide linkages were cleaved per unit time. 
Also, a large part of soluble material was released into solution. The most compacted 
core proteins were hydrolysed more slowly. Consequently, the rate of enzyme 
cleavage of peptide bonds controlled the overall rate of hydrolysis.  Simultaneously, 
available substrate decreased as time reaction increased. 
There are gaps in our knowledge of hydrolysates from fish skin gelatin and their 
health benefits. Issues such as optimization of hydrolysates was still conducted with 
various responses besides degree of hydrolysis such as foaming properties and 
antioxidant activity.  Further in vivo studies on fish protein hydrolysates bioactive 
compounds are recommended to explore applications for potential market share 
increase for health sustaining pharmacological and human-food/ animal-feed additives 
and/or supplementation (Halim et al., 2016). 
Ghaly et al., (2013) insight on fish protein hydrolysates are that there are few 
studies on the production of fish protein using enzymes. Both laboratory scale and 
industrial manufacture of hydrolysates present each of their own sets of disadvantages.  
The use of hydrolysates to cater for special diets for babies and sick adults presents 
challenges as they are expected to be low in bitterness, osmotically balanced, 
hypoallergenic and have good flavour. However, FPH anti-inflammatory effects have 
not been studied (Halim et al., 2016). 
 Most of the research studies conducted on the enzymatic processing of fish 
protein seems to be laboratory or small scale oriented and present limitations when 
scaled up to industrial level. On the other hand, large scale production of fish protein 
hydrolysates  have disadvantages such as low yields, initial high cost of enzymes, 
inactivation of enzymes after hydrolysis either by heat or pH and the inability to reuse 
enzymes. Large scale production of fish protein hydrolysates processing are  known to 
be carried out in some countries like France, Japan and other countries in South East 
Asia but present disadvantages (al., 2013). 
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1.8.2 Foaming of hydrolysates 
  
To date, there has not been research done for tilapia skin gelatin and its hydrolysates 
for foaming purposes, therefore this study is novel e.g. foaming test of sole and squid 
gelatin hydrolysate. There have been several authors whose scope of work covered 
on fish hydrolysates as well as gelatin hydrolysates. Tilapia muscle hydrolysate was 
studied by Foh et al., (2011) for foaming capacity (124.50%) but not foaming stability. 
The foaming properties of marine resources such as skin of sole and squid 
gelatins have been studied for the foam stability and foam expansion of gelatin 
hydrolysates when hydrolysed with Alcalase (Giménez et al., 2009). The study found 
foam stability and foam expansion were not affected by the concentration of 
hydrolysate as results had slight and variable differences. These results are in 
agreement with Thiansilakul et al., (2007), whereby only slight differences in foam 
stability was shown for round scad protein hydrolysates and the highest foaming 
stability occurred only within the first 10 min.  
There has been research work done on the foaming test of gelatin hydrolysate. 
Halim et al., (2016) reported fish protein hydrolysates have good foaming and 
emulsifying properties (range of FPH foaming stability 20 to 140%), which can be used 
as emulsifying and emulsion stabilizing ingredients in a variety of products. For 
example, to aid the formation and stabilisation of foam-based products. 
Foaming stability reported for fish protein hydrolysates of a variety of fishes such 
as carp (Catla catla) was 90% (Elavarasan et al., 2013), rainbrow trout (Onchorhynchus 
mykiss) viscera was 95% (Taheri et al., 2013) , Ornate threadfin bream (Nemipterus 
hexodon) muscle was 78% (Nalinanon et al., 2011), roes of Channa (Channa striatus) 
was 64% and Labeo (Labeo rohita) was 60% (Galla et al., 2012). Zhang et al., (2012) 
investigated the purification and characterization of novel antioxidant peptides from 
enzymatic hydrolysates.  Hydrolysates of tilapia skin gelatin was chosen as a potential 
antioxidant peptide source by hydrolysing with propease E in order to obtain 
hydrolysates with a high degree of hydrolysis and scavenging radical activity and 
multifect neutral.  
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Spanish mackerel skin was hydrolysed with pepsin enzyme and collagen to give 
hydrolysate fraction peptides. There was negative impact on foaming capacity due to 
average molecular weight (AMW) decrease of the hydrolysate fractions, as opposed to 
having positive influence on foaming if the AMW were to increase to give rise to higher 
molecular weight polypeptides. More careful research is needed to study whether those 
collagen hydrolysates can be applied as foaming agents in food processing (Chi et al., 
2014). Choonpicharn et al., (2015) found Nile tilapia skin gelatin hydrolysates to contain 
potent antioxidant and anti-hypertensive effects. Gelatin was separately hydrolyzed by 
proteases, including bromelain, papain, trypsin, flavourzyme, alcalase and neutrase.  
There have been earlier studies on fish protein hydrolysates which were directed 
towards the use of fish protein for non-dietary purposes (Sripathy et al., 1962) and for 
animal feed (Keyes and Meinke, 1966) rather than for human nutrition that has an 
outstanding advantage of intestinal absorption in nutrition. The physicochemical and 
other functional properties of tilapia fish protein hydrolysate was studied by Foh et al., 
(2011) and were found FPH exhibited significant differences compared with FPC,  
having more superior desirable micro structure, color, solubility, protein digestibility, 
emulsion, fat absorption and bulk density. The FPH can prospectively compete with 
hydrolysates and protein concentrates available in the market. 
Femil et al., (2014) deduced from the fermentation of sardinelle fish protein 
hydrolysates that the reduction of foaming stability was due to the fact that microscope 
peptides did not have strength to support a stable foam. In order to have foam stability, 
protein molecules should form continuous intermolecular polymers enveloping the air 
bubbles, since intermolecular cohesiveness and elasticity are important to produce 
stable foams. 
 
1.9 Foaming of proteins 
 
1.9.1 Foaming capacity 
 
 Foams can be defined as two-phase systems, consisting of air cells separated by a 
thin continuous liquid layer called the lamellar phase (Murray, 2007). A foam is created 
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when proteins in an dispersion cause a lowering of the surface tension at the water-air 
interface.  Hence, the adsorption rate, together with the ability to unfold and rearrange 
at the interface, has been reported as one of the most important factors for foam 
formation (Giménez et al., 2009). The role of proteins in foams is to decrease interfacial 
tension, to increase viscous and elastic properties of the liquid phase as well as to form 
strong films.  
 The two main classes of foams are spherical foams and polyderic foams. 
Protein-based foams are formed by air bubbles (Alleoni, 2006). According to 
Damodaran (2005), the bubbles may exist in these two types of foam, depending on 
the volume fraction of gas bubbles in a foam system. Light to dense foams can be 
created and the normal range of gelatin used in food applications are 0.4%-1.7%. 
Culinary foams range of gelatin used are 0.75%, 1.5% and 2.25%. 
 During the foaming process, energy input is required for triggering the 
process, and the soluble proteins reach the air-water interface by diffusion, adsorption, 
concentration and critical surface tension. The rearrangement of polypeptides occurs 
at the interface and is oriented by polar mobility, which is directed to water, and the 
nonpolar segments preferably lead to air particles. This process occurs through the 
non-covalent interactions of the polypeptides, and is the base of a cohesive, continuous 
film (Alleoni, 2006). 
1.9.2 Foam stability 
 
The foaming test is used to determine the foaming stability and foaming 
expansion of a foam in the mixtures. The foaming limitations include limitation faced by 
researchers which is the lack of highly sensitive techniques that would allow continuous 
measurement without compromising the complexity of foams. In foams, the competitive 
adsorption of the components could change or detrimentally alter the form and function 
of the stabilising system. The choice of method for foaming test is critical and none are 
ideal because of poor reproducibility. As highlighted, Phillips et al., (1990) methods are 
destructive or they confound the events leading to foam disintegration. For example, 
comparing foams by changes in foam height or amount of drained liquid does not 
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differentiate between foam drainage and bubble rupture. Thus, the effects of 
composition on the individual events of foam disintegration are not well understood. 
Foam stability is the rate of loss of foam structure once formed and is dependent 
on the ability of the protein to form a strong, flexible, cohesive film, so as to reduce gas 
permeability and inhibit bubble coalescence (Murray, 2007). In other words, it depends 
on the extent of protein-protein interactions, flexibility of protein or peptide structure 
and other factors such as film thickness, mechanical strength, protein-protein 
environmental factors such as pH, temperature. The increase in protein concentrations 
causes an increase in FS, hence resulting in stiffer foams. Excessive heating effects 
causes denaturation in protein coagulation and aggregation and hence has a 
destructive effect on the foam stability. Foam stability is quantified by the relaxation 
time (t) due to drainage and disproportional/ collapse (Sanchez & Patino, 2005). 
Increasing protein concentration leads not only to increasing foamibility but also to an 
increase in foam stability (Marinova et al., 2009). 
The foaming properties (foaming expansion and foaming stability) of gelatin 
skins of farmed giant catfish, Nile tilapia and commercial beef skin gelatin at 1,2 and 
3% concentration levels were studied by (Rawdkuen et al., 2013). When comparing 
the foaming properties among gelatin sources, FE of the catfish was higher than that 
of tilapia and beef skin respectively. The FE and FS of all gelatins did not increase 
significantly with increased gelatin concentrations (P> 0.05). At 3% concentration, 
tilapia skin gelatin exhibited higher foaming expansion and foaming stability than 
bovine skin gelatin. FS was measured at 5, 10, 20, 30 and 60 min. The FS of all gelatins 
markedly decreased when the incubation time increased (P<0.05), especially at 60 min 
and FS increased with protein concentration.  
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Foam collapse 
 
 
 
Figure 1. 6 A diagram of the drainage of liquid from between foam air cells   
(source: Green et al., 2013)  
 
The foam collapse and instability of the mixtures were due to the physical changes in 
the foam and surrounding matrix, as shown in (Fig 1.3). The air foam cell and liquid 
drainage becomes unstable when liquid drainage and gas disproportionation 
processes occur (Damodaran, 2005). The coalescence of bubbles occur when 
drainage of liquid from the lamella film as two gas bubbles approach each other, which 
results in the thinning and rupture of film.  The stability of the corresponding thin liquid 
films separating the dispersed gas bubbles is closely related to foam stability (Marinova 
et al., 2009). 
Foam collapse (Lomakina and Mikova, 2006) is also described by three principal 
mechanisms. The first is the bubble disproportionation as a function of time, the 
bubbles reduce in size with time due to air diffusion from the interior which is a region 
of higher pressure. The second is the lamellae rupture – bubbles coalesce quickly due 
to pushing and pulling forces causing holes formation between two bubbles. The third 
is the drainage– water around the bubbles naturally drains down to the liquid layer 
removing proteins from the film around the bubble, which eventually becomes too thin 
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to support the bubble. Individual particle-stabilized bubbles can remain stable against 
disproportionation for days or weeks, as compared with the equivalent protein-
stabilized bubbles typically collapse within an hour or so (Dickinson and Lopez, 2006).  
This is supported by Campbell & Mougeot (1999) as explained on aerated systems and 
lifetimes of dairy foams which may vary from tens of minutes to hours or days, week or 
months for different dairy foods. 
 
1.9.3 Properties of foaming agents 
 
A good foaming agent requires peptides produced by hydrolysis to be absorbed and 
denatured efficiently to reduce interfacial tension enough to form a viscoelastic film 
(Tanuja et al., 2012). In a stable foam, protein polypeptide chains are associated to 
form continuous intermolecular polymers enveloping the air bubbles (Zayas, 1997). 
Protein foaming properties is influenced by its source, intrinsic properties, content and 
conformations of protein in solution and at air/ water interface. Molecular flexibility 
affects foaming properties of proteins. Cleavage of intramolecular disulphide bonds in 
proteins can increase molecular flexibility.  
A foaming agent gas polar and non-polar hydrophobic section which associates 
with water and air respectively. Other factors affect foaming properties of proteins are 
non- protein additives such as phospholipids, sugars, pH and ionic strength. 
Phospholipids and low molecular-weight peptides compete with proteins for adsorption 
at the air-water interface. Differences in foaming properties are mainly due to the 
difference in the hydrophobic amino acid contents in the gelatin sample. Sugars 
generally improve foam stability, however, do not improve foamability. The 
improvement in foam stability is due to an increase in the specific viscosity of the 
solution (Damodaran, 2005). Foam inhibitors (antifoaming agents such as yolk 
components) could cause local ruptures in the film and lead to the collapse of bubbles 
e.g. 0.03% of egg yolk in fresh albumen can completely inhibit the FC of egg white. 
The effect of lipids is important for the foaming properties of protein ingredients 
including low levels of lipids involved in the foaming process, i.e. 0.1% of soy 
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phosphatides. Low levels of contaminating lipids (less than 0.1%) impair the foaming 
properties of proteins.  
Lipids as components of un-defatted or partially defatted proteins impair the 
foaming properties of milk proteins. Lipids can weaken protein-protein interactions by 
interfering with hydrophobic surfaces. The surface hydrophobicity of proteins is 
negatively related to the lipid content because lipids and cis-paranaric acid compete 
for binding sites on the proteins. If hydrophobic sites are reserved by lipids they are 
blocked and do not participate in other hydrophobic interactions. Lipids disrupt protein-
protein interactions at the air/water interface and inhibit foaming as a result of 
displacement of proteins from the interface. 
 
1.10 Industrial production and applications of fish gelatin  
 
1.10.1 The production of fish gelatin   
 
The world’s total gelatin production consist of 45% pork skin gelatin, followed by 30% 
bovine hides, 23% from bovine and porcine bones whereas the remaining 1.5% 
accounts for other sources including fish and chicken (Karim and Bhat, 2008) and 
(Boran and Regenstein, 2010). The production capacity of gelatin is expected to rise 
from an estimation of 348.9 kilo tons to 450.7 kilo tons during the forecast period of 
2012 to 2018. The global gelatin market is expected to rise at a steady 6.75% CAGR 
over the forecast duration. The most demand for gelatin is currently witnessed by the 
nutraceutical and the food segments, on account of the rising awareness of consumers 
towards high protein and low fat foods (Research, May 2018). 
1.10.2 Applications of fish gelatin 
 
Fish gelatin has been developed for the food, pharmaceutical and non- food 
markets. For specific applications, it is highly dependent upon its physico-chemical 
features that are highly affected by species and tissue extracted and extraction method 
(Ratnasari et al., 2013). Applications for gelatin and collagen in products are diverse 
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include emulsification, foaming and gel stabilization in confectionary and dairy desserts 
and meat products; microencapsulation, and production of hydrogels biodegradable 
packaging, meat coating agents, beverage clarifier, nutritional supplements (Mariod 
and Adam, 2013); (Kim, 2013).  
The range of gelatin used in various food applications (0.002 % - 7 %) is set out 
in the Gelatin Handbook by GMIA (2012). As outlined by Ward & Courts (1977), the 
physical property which principally determines the value of a commercial gelatin is the 
rigidity of the gel which it forms under standard conditions. In 1925, Bloom developed 
an instrument to measure gelatin gel rigidity, which remained basically unchanged and 
has become the standard instrument for gelatin testing throughout the world. The 
Bloom values of commercial gelatins usually range from 80 g to a maximum of about 
320 g. 
Warm-water fish gelatin can have a Bloom value of 200 (Badii and Howell, 2006) 
compared horse mackerel to standard catfish and commercial tilapia gelatin with bloom 
values of 150 and 280 respectively. Cold water fish gelatin has been combined with 
pectin to make a low-fat spread and is suitable for mainly products stored at low 
temperatures (Cheng et al., 2008). In contrast, tilapia gelatins melting point is 25°C, 
and resemble mammalian gelatins (bovine or pig) melting temperature of 32°C.  
The other usage of gelatin in nutraceuticals and functional foods include food 
supplements for joint and bones, body care supplements, energy drinks and bars and 
foods formulated for diabetic patient by reduced carbohydrate levels. Gelatin is used 
for medical applications, for pharmaceutical soft-cap capsules, tablet coating, 
granulation, encapsulation and micro-encapsulating agents; as a carrier, coating or 
separating agent for other substances, binder in drug tablets, micro-encapsulation for 
colorants, oils, vitamins and pharmaceutical additives such as azoxanthine for various 
uses in nutritional and pharmaceutical applications, pastilles products commonly used 
as cough drops, intravenous infusions, plasma expanders, in- wound care, 
photographic films and bioactive peptides. More recently, there has been a study in 
Brazil for tilapia skin used for treating burns patients (Business Insider UK, May 26, 
2017). Scientists at the Federal University of Ceara in northern Brazil have found that 
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tilapia skin has moisture, collagen and disease resistance at levels comparable to 
human skin, and can aid in healing.  
In the cosmetics and nutri-cosmetics (edible products, beauty treatment 
benefits, personal care and nutrition), gelatin is incorporated in cosmetic and 
healthcare products a gelling ingredient in creams lotions, shampoos, hair sprays, sun 
screens and bath salts. One of the novel uses of gelatin is in forensic recovery of 
footprints (Karim and Rajeev, 2009). Gelatin is used as an adhesive and in electrostatic 
lifting devices for footwear impressions. 
Commercial gelatin can exist in different forms in the market which includes 
liquid, powder/granules and leaf/sheet. The sheets dissolve more slowly than the 
granulated form, but also produce a clearer gelled product. The technological issues 
include liquid gelatin’s stability is dependent on the activeness of the enzymes and the 
drying process will lead to product degradation. There are also cost estimates to 
consider to liquid gelatin to dry powder form. 
 
1.11 Limitations/challenges 
 
There are certain limitations of fish gelatin. The characterization of the molecular 
structure, secondary and tertiary structure of gelatin remains a challenge. The 
correlation between the structure and texture of fish gelatin should be understood to 
further improve the physicochemical properties of fish gelatin in order to meet the 
demand of customers. There is also a need to look at modifications like 
transglutaminase but possible also with changing the molecular environment. Other 
issues that need to be addressed includes purity, preparation methods, seasonality. All 
of these may fundamentally be reflected in proline/ hydroxyproline information but that 
also needs to be questioned.  
Van De Vis (2004) reported that the availability of raw materials, primarily for 
warm water fish, residual odour and differences in product characteristics and low yield 
from fish skins are contributing factors that limit the commercial production of fish 
gelatin. Although fish gelatin has been highlighted as a better alternative to mammalian 
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gelatins from ethical and religious points of view, qualities such as low melting point 
and low gel strength have affected its commercial applications. In 2006, (Arnesen and 
Gildberg, 2006) reported the production of fish gelatin was in its infancy, contributing 
only about 1% of the annual world gelatin production. 
Fish gelatins have limited applications because of their possibly poorer 
rheological properties than gelatins from land mammals (Lin et al., 2017). However, 
the unique properties of fish gelatins having lower gel melting temperatures may be 
desirable in some food applications for ease of flavour release, leading to better 
sensory characteristics. Fish gelatins have excellent film-forming and barrier 
properties. Therefore, using fish gelatins in these applications may help grow the fish 
gelatin industry. Other industrial applications where fish gelatins may be favoured are: 
micro-encapsulations, light-sensitive coatings and low-set time glues (Wasswa et al., 
2007). 
Other challenges are the variable gelatin quality and the relatively higher price 
of fish gelatins. There are only a few manufacturers of fish gelatin globally due to high 
production cost and low yield, around 100 tons typically the price of fish gelatin varies 
and is 4-5 times higher than beef or pork gelatin. According to PB Gelatins, price of 
gelatin varies greatly according to its grade, the highest grade trading at U$8.10/kg 
(Lucas, 2012). 
There may be other gelatin alternatives in the current market which are non- 
mammalian (plant-based) source. They exist in forms of non-gelatin gelling agents, 
stabilisers, emulsifiers, hydrocolloids which exists in the market e.g. Vegegel, pectin, 
locust bean gum, agar, starch, etc. These may present competition for non-mammalian 
consumer products. However, their gel strength may not deliver the same performance 
as animal/fish gelatin, as reported by Badii and Howell (2006). Furthermore, fish gelatin 
has the advantage of being accepted with ease as Halal and Kosher foods, and by 
pesca- vegetarians (Herpandi et al., 2011) (Appendix 1.2). 
However, one of the applications of fish gelatin for Brunei is to find traditional 
markets for bovine, porcine gelatin/collagen and replace or directly substitute them with 
fish gelatin which would provide a useful and profitable market. Also, to explore what 
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are Brunei’s natural resources of the forest and sea (marine) to combine with fish 
gelatin. These can be the outcomes of the study for future commercial use of fish 
gelatin for Brunei’s food industry. There are patents developed for fish gelatins 
(Appendix 1.3). 
 
1.12 The suitability of fish species of commercial interest in Brunei 
 
The species of tilapia fish are red tilapia (Oreochromis mossambicus), Nile or Black 
tilapia (Oreochromis nilotica) and Wami tilapia (Oreochromis urolepis) are farmed in 
Brunei (Department of Fisheries of Brunei, 2014) (Appendix 1.4). The types of fish 
species cultured by local farm companies in Brunei are seabass (Lates Calcarifer), 3 
species of snapper i.e. John’s snapper (Lutjanus johnii), Mangrove red snapper 
(Lutjanus argentimaculatus) and Malabar red snapper (Lutjanus malabaricus). 
There are 5 types of trevally species being cultured (Bluefin trevally, Malabar 
trevally, Bigeye trevally, Giant and Golden trevally). 3 species of Garoupa (Tiger 
Grouper, Humpback Grouper, Giant Grouper) as well as Malabar rock cod and Spotted 
coral trout are being farmed. Pompano (Tranchinotus blochii) and Milkfish (Chanos 
Chanos) are amongst the fish in the list. 
 
Fish farming, opportunities and impact for Brunei 
 
The development of fish gelatin, as a product for a niche market, is expected to 
contribute to the primary sector (fisheries) of the national economy. The next steps for 
technology transfer/ prototype as a platform for Brunei food/ fisheries industry for 
further work on utilization of such fish material. 
The market segment of functional foods is entirely new to the local food industry 
and consumers in Brunei. Up to date, there is only one local pharmaceutical company 
which manufactures supplements containing gelatin (halal bovine) for capsules (Field 
study in Brunei, 2017). This is comparatively small when compared regionally in South 
East Asia and the entire world food market.  
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For the fisheries industry, aquaculture feeds are essential to fish and shrimp farmers 
in Brunei as supply is always limited locally. According to Global Aquaculture Advocate 
(July/August 2008 issue), fish skin gelatin’s unusual functional properties may prove it 
useful as a binder, emulsifier and nutrient, as well as moisture and oxygen barrier for 
increasing the shelf life of foods and aquaculture feeds. There are obvious gaps and 
challenges to address in the development of tilapia fish gelatin. These includes the 
‘know-how’ during the characterization and future improvement/ optimization of gelatin 
in order to be able to apply it to a model food system. A novel aspect of this study is to 
develop and find the placement for fish gelatin to have the similarity and application as 
mammalian gelatin, as well as to improve the characteristic of gelatin with the 
combination of other hydrocolloids/ ingredients.  
Based on the above literature review, there are gaps in our knowledge that are 
addressed by the following objectives. 
 
1.13 Objectives of the study  
 
The main aims of this study are to investigate the physical- chemical and functional 
properties of gelatin from warm- water fish (Tilapia). 
The objectives of this study are: 
 
 To prepare gelatin from Tilapia fish skin and characterize its physical-
chemical properties. 
 
 To study the rheological and thermal properties of the extracted fish skin 
gelatin. 
 
 To study the interaction between extracted fish skin gelatin and whey 
proteins in terms of the rheological and thermal properties. 
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 To prepare hydrolysates from the extracted fish skin gelatin for further testing 
i.e. foaming test.  
 
 To investigate the foaming properties of the extracted fish skin gelatin and 
its hydrolysates with whey protein and green tea. 
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CHAPTER 2 
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CHAPTER 2. PREPARATION AND CHARACTERIZATION OF 
FISH SKIN GELATIN AS AN ALTERNATIVE TO 
MAMMALIAN GELATIN 
2.1 Introduction  
 
Gelatin is the soluble protein material is a result of the natural partial hydrolysis of 
collagen from bones, hides and skins, tendons and sinews of animals, including fish 
and poultry, as defined by the European Commission Scientific Committee on Food for 
gelatin  (Scientific et al., 2002). Gelatin has the unique ability to form thermoreversible 
gels with a melting temperature close to body temperature. This creates the sensorial 
property of melt- in- the- mouth and release flavor, which is desirable for food 
applications (Boran and Regenstein, 2010). Gelatin has a lot of applications in different 
sectors of food, pharmaceutical, nutraceutical industries. Some useful food 
applications are as foaming aid, stabilizer, emulsifiers to give consistency, stability as 
well as elasticity in food products. 
Fish gelatin is also commercially available in granules/powder form but to a lesser 
degree than mammalian ones. Fish gelatin is usually made from by-products such as 
skin, scales, bones, offal and derived from both cold-water and warm-water fish 
species. Temperate waters and cold water fish gelatin possess different characteristics 
for different food applications.  
Skin can be utilized to a valuable by-product and reduces wastage in the fishery 
industry. This utilization can also address the issues of sustainability and to make better 
use of harvested resources in order to utilise fish waste more productively (Boran et 
al., 2010). The gelatin extraction from tilapia fish skin is based on published methods 
that will provide valuable gelatin protein from an underutilized fish skin by-product and 
help food security as well as the provision of halal products.  
Gelatins are manufactured from animal sources such as cattle hide, bones as well 
as pig skin, which are available in the form of granules/powder and leaf gelatin. 
Researchers are endeavoring for an alternative to traditional gelatin and to find new 
sources of gelatin that are favoured by consumers (Karim and Bhat, 2009). For 
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example, yellowfin tuna gelatin physical properties have been compared with 
mammalian gelatins (Ninan et al., 2014). The performance of fish gelatin and 
mammalian gelatin for yellow fin tuna, tilapia and Alaska Pollock have been compared 
to mammalian gelatins (Cho et al., 2005) and (Zhou et al., 2006). Fish gelatin from fish 
by-products has demonstrated better aroma release ability with less off- flavour and 
characteristics compared to mammalian gelatin. Tilapia and catfish showed 
comparable functional properties to commercial beef skin gelatin and hence are 
possible sources for gelatin with high yield and desirable functionality (Rawdkuen et 
al., 2013). Ninan et al., (2014) also found that bovine and porcine skin gelatins had a 
distinguishable odour, therefore inferior organoleptic qualities, when compared with 
carp skin gelatin.  
Mammalian gelatins such as porcine and bovine, although being the most popular 
and widely used, still have major constraints due to socio-cultural, religious and health-
related concerns (BSE crisis). The need to meet halal (Muslim) and kosher (Jewish) 
standards has boosted the importance of fish gelatin on global markets. Both customs 
require gelatin from sources other than pigs, and beef gelatin is permissible if it has 
been prepared in accordance to religious compliance such as slaughter method (Badii 
and Howell, 2006). Also, Buddhists and Hindus cannot consume beef and other niche 
groups such as pesca-vegetarians would have an alternative choice of gelatin over 
meat gelatin. Therefore, the innovation of gelatin alternatives for the global market is 
highly desirable to food manufacturers to cater to these (Karim and Bhat, 2009).  
Fish gelatin is an alternative to mammalian gelatin. Warm-water fish, in particular 
reportedly have similar functional properties to porcine gelatin which can substitute 
mammalian gelatin for use in food products (Karim and Bhat, 2009). Researchers have 
also investigated the gelatin-production potential of other marine sources, such as 
seafood.  Lin et al., (2017) found aquatic gelatins are a potential substitute for pork and 
beef gelatins in many applications as they possess similar properties to mammalian 
gelatins. Although aquatic gelatins have weaker rheological properties as a main 
limitation when compared to mammalian gelatins, their properties can be improved by 
using physical, enzymatic and natural cross-linking agents.  
54 
 
Researchers are making continuous efforts for an alternative to traditional gelatin 
and to finding new sources of gelatin that might be viewed more favourably by 
consumers (Karim and Bhat, 2009).  For example, yellowfin tuna gelatin physical 
properties have been compared with mammalian gelatins (Ninan et al., 2014). The 
performance of fish gelatin and mammalian gelatin for yellow fin tuna, tilapia and 
Alaska Pollock have been compared to mammalian gelatins (Cho et al., 2005) and 
(Zhou et al., 2006). Fish gelatin from fish by-products has demonstrated better aroma 
release ability with less off- flavour and characteristics compared to mammalian gelatin.  
Tilapia and giant catfish showed comparable functional properties to commercial beef 
skin gelatin and hence are possible sources for gelatin with high yield and desirable 
functionality (Rawdkuen et al., 2013). Ninan et al., (2014) also found that bovine and 
porcine skin gelatins had a distinguishable odour, therefore inferior organoleptic 
qualities, when compared with carp skin gelatin.  
Fish skins have some technological advantages such as great potential for the 
production of high-quality gelatin with a much wider range of different melting and 
gelling temperatures than mammalian gelatins, yet have reasonable high gel strength 
and viscosity. The marine sources have also been tapped into by researchers to utilize 
seafood for gelatin. (Lin et al., 2017) found that aquatic gelatins have very similar 
properties to mammalian gelatins, making them a potential substitute for pork and beef 
gelatins in many applications. Although the main limitation of the use of aquatic 
gelatins, when compared to mammalian gelatins is their weaker rheological properties. 
However, the properties of aquatic gelatins can be improved by means of using 
physical, enzymatic and natural cross-linking agents.  
The focus on testing the gel strength of gelatin was one of the important 
characteristics of this study. Gel strength is one of the most critical quality parameter 
used in the gelatin industry to differentiate gelatins (Boran and Regenstein, 2010).  The 
Bloom value, which is categorized as low (< 150), medium (150-220) and high (220-
300), sets the commercial value (Zhou et al., 2006) and price for gelatin, depending on 
its application. Some results have been reported for warm-water fish gelatin having 
high Bloom values, similar to high Bloom pork gelatin. Such high gel strength 
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characterizes only those gelatins extracted from the skins of warm-water fish such as 
tilapia (Karim & Bhat, 2009). Moreover, gelatin characterized by gel strength that is 
more superior to other gelling agents. In order to incorporate gelatin in food as well as 
industrial application, gelatin characterization should be conducted. 
The objectives of the present study were to prepare gelatin from the skin of tilapia 
fish (Oreochromis niloticus) and analyse the physical and chemical properties after 
extracted from skin. The tests include the proximate analysis for protein, fat, ash, 
moisture, gel strength (Bloom test), amino acid analysis and hydrophobicity test. The 
yield of the extracted gelatin was also reported.  
 
2.2 Materials and methods 
 
2.2.1. Materials 
 
Gelatin was prepared from tilapia skins by a modified commercial method as per Badii 
and Howell (2006). The gelatin tests were according to the method of the Gelatin 
Manufacturers (GME) Gelatin Monograph Version-1 July 2000. Species of the tilapia 
(Oreochromis nilotica) were obtained from Woking Quality Fishmonger, Woking, United 
Kingdom. The fish were imported whole frozen from China, from the company’s 
supplier at Billingsgate market in London. The fish were filleted by the fishmonger and 
sold with the skins on. The purchased fish fillets were kept in a polystyrene box 
containing ice and delivered within 1 hr to have the skins removed.  
Chemicals for gelatin extraction included Sodium hydrogen carbonate and 
Amberlite MB-6113 resin from Fisher Scientific, Loughborough, UK and sulfuric acid, 
sodium hydroxide and citric acid were purchased from Sigma- Aldrich UK. All chemicals 
were of analytical grade. 
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2.2.2 Methods  
 
2.2.2.1 Fish skin preparation from tilapia fish 
 
Upon arrival at the laboratory, Faculty of Health and Medical Sciences, University of 
Surrey, Guildford, UK, the skins of fish fillets were removed, cleaned and kept frozen 
at -80°C until required for gelatin extraction, no longer than three months. The skins 
were washed with cold tap water (< 10°C). The skins were pooled and used as a 
composite sample before they were divided into individual batches for extraction. The 
manual removal of skins from fillets were later improved with aid of a mechanical 
gadget SKINZIT® (Ultimate Fishing Gear, Inc., Nebraska, USA). 
Prior to gelatin extraction, the frozen skins were thawed with warm water 
indirectly by being placed in the polyethylene bags and soaked in water for not more 
than 30 minutes. The skins were scraped off the extra meat, washed with distilled water 
and dried between muslin cloth and manually cut into small pieces (1.0 x 1.0 cm) using 
scissors. The clean fish skins were stored at -80°C ready for pre- treatment process. 
 
2.2.2.2      Gelatin extraction 
 
The extraction of gelatin from the tilapia skins involved pretreatment of the skins, a 
series of mild alkali and acid treatments over time, followed by drying steps to get a 
concentrated gelatin. There was a few modifications made during the tilapia gelatin 
extraction of process. 
 
Removal of non- collagenous skins 
Gelatin was prepared according to the method of Badii and Howell (2006) for horse 
mackerel skins gelatin with slight modification. Skins (250g) were soaked in 0.125% 
NaHCO3 with a skin/ alkaline solution ratio of 1:4 (w/v) in order to remove fat and non- 
collagenous proteins in the cold room at ~ 7°C for 30 minutes with magnetic stirring. 
The soaking solution was discarded and this was repeated three times with a new 
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solution changed each time until the supernatant was clear. The skins were then 
separated and rinsed with distilled water for pretreatment. 
 
Pretreatment and extraction of gelatin 
The fish skins were treated with an alkali first and then a 2-step acid. The skins were 
rinsed in distilled water in between the treatments. The skins were extracted at a ratio 
of 1:4 (w/v) with 0.2% sodium hydroxide NaOH solution in deionised water, shaken well 
and stirred slowly at 4°C for 15 hr. The skins were separated and rinsed with water. 
The resultant washed skin pieces were subjected to further treatment in 0.2% sulphuric 
acid H2SO4 solution at a ratio of 1:4 (w/v), shaken well and stirred slowly at 4°C for 10 
hr after which the skins were separated and rinsed with water. The skins were then 
stirred slowly in 0.7% citric acid solution at a ratio of 1:6 (w/v) at 4°C for 18 hr, then 
separated and rinsed with water. The original volume in method is 7g citric acid in 1000 
mL H2O. An additional 500 mL of 0.7% (3.5g citric acid/ 500 mL water) was added to 
a total volume of 1500 mL citric acid solution. The alteration of citric acid’s volume was 
to allow the skins to be sufficiently submerged in the solution as skins were observed 
to swell up after the first few hours of soaking time. Finally gelatin was extracted from 
the skin pieces with distilled water at a 1:1 ratio in a 45°C water bath (Grant Y22, UK) 
without stirring overnight.  
 
Filtration 
The resultant mixture was then filtered using a Buchner funnel with a Whatman no.4 
filter paper (Whatman International, Ltd. Maidstone, England). The next step was to 
carry out rotary evaporation and freeze- drying to concentrate the gelatin before 
carrying out the deionisation step and finally freeze- drying the final gelatin to a dried 
state. The freeze- dried gelatin was stored at -80°C until further analyses. 
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Drying of gelatin was conducted using rotary evaporation followed by freeze-
drying. 
 
(i) Rotary evaporation 
Rotary evaporator (Heidolph G3, Germany) connected with a vacuum pump 
(Vacuubrand CVC 3000) set at a pressure of 60-80 Mbar to allow the gelatin mixture 
to reach just at its boiling point. The rotary bath was set at 45°C for 3 hours at 80 rpm 
using a 1000 mL flask per batch of gelatin mixture. The flask was filled not more than 
three quarters (maximum volume 600 mL in flask) with gelatin and this was repeated 
for more than one batch to be evaporated until the volume could ideally reduce to 1/10. 
The gelatin was cooled down at room temperature before the concentrated gelatin was 
transferred into falcon tubes at and sealed with parafilm. Prior to the next step of freeze- 
drying, the gelatin had to be frozen overnight at -80°C. 
 
(ii) Freeze- drying  
Gelatin solutions were dried by freeze drying by firstly freezing at -80°C for a minimum 
of 6 hours to overnight. The frozen samples were subjected to sublimation using a 
freeze dryer (ScanVac chamber unit and Vacuubrand Chemistry hybrid pump) at -50°C 
for 72 hr. When necessary, the freeze- dried gelatin was ground to smaller pieces using 
an electric blender (Thermomix, UK). 
 
Isoelectric point/ deionisation of gelatin and pH adjustment  
The method for deionization of gelatin was according to GME Monograph Standardised 
Methods for the Testing of Edible Gelatine Version 1- July 2000 (2.4.5 Isoelectric point). 
The deionisation step was carried out after the filtered & evaporated gelatin were 
freeze-dried. The freeze- dried gelatin was deionised using Amberlite MB- 6113 resin 
according to the GME Monograph Version 2000. The ratio of dried gelatin to water was 
5g gelatin: 95 mL water. The solution ionic strength was checked using a conductivity 
meter (Hanna Instrument, UK) to obtain below 50 µS/cm. The pH of the deionised 
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gelatin solution was measured at 30°C. The gelatin was then adjusted to pH 6.0 with 
0.1M sulphuric acid and the pH value was recorded at pH 6.0. This was then rotary 
evaporated at 45°C and the concentrated solution was freeze- dried. The gelatin 
samples were transferred to a ziplock bag and kept in storage at -80°C until 
subsequently subjected to analyses. 
 
2.2.2.2.1. De-fatting step before gelatin extraction 
 
Separate batches of fish skins underwent removal of fat intentionally by using the 
Soxhlet method (Section 2.2.2.2) and were then extracted for gelatin to be later used 
for Chapter 4 and 5 studies. 
 
 
Figure 2. 1 Tilapia skin gelatin extraction process (Appendix 1.1) 
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2.2.2.3 Characterisation of gelatin 
 
2.2.2.3.1 Proximate analysis (fish skin gelatin) 
 
The protein, fat and ash content of extracted gelatin were determined according to the 
methods described by AOAC (2006). The moisture content was analysed according to 
the GME Monograph Standardised Methods for the Testing of Edible Gelatins (Ver 1- 
July 2000). The commercial fish gelatins used was purchased from commercial 
suppliers, i.e. Custom Collagen, USA and local Brunei bakery shop imported from 
China.   
 
Protein analysis 
 
The crude protein content was determined by estimating its total nitrogen content by 
the Kjeldahl method (AOAC, 2006). A factor of 5.55 was used to convert the nitrogen 
value to protein for gelatin. The Foss Kjeltec™ 2200 system (which includes Foss 
Water, Foss alkali (containing 10 M 40% NaOH) and Foss receiver solution), Kjeldahl 
tablets (Cu), 0.4% bromocresol green/methyl red indicator screened methyl red 
indicator, 4% boric acid, concentration, 40% sodium hydroxide and concentrated 
sulphuric acid. One gram of sample of freeze-dried tilapia gelatin was weighed in 
triplicate. These were transferred into the digestion tubes with 2 Kjeldahl tablets placed 
in each tube, and 20 mL of sulphuric acid was added, including the triplicates of blank 
samples and standards.  
Samples were digested on the digester heating block at 420◦C for 1 hour until the 
solutions in the tubes turned clear bright green. After cooling, NaOH was added and 
samples were distilled. The liberated NH3 was collected in a conical flask containing 
boric acid containing 500 µL of indicator per flask. The amount of NH3 liberated was 
determined by titrating with two different concentrations against 0.01 M HCL. The 
standards used was a combination of aluminium sulphate (0.12g) and sucrose (0.7g).  
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Fat analysis 
 
The crude fat content of gelatin was determined by Soxhlet extraction method 
according to AOAC (2006). Foss Soxtec™ 2055 system with FOSS Control Unit 2055 
set on program #4 (Startup temperature reaches 111°C. The extraction total time takes 
just over 3 hours (2 hrs, then 20 min, another 30 min before reaching the final 15 min. 
Petroleum ether (60-80°C) from SIGMA- ALDRICH was used as a solvent. Gelatin 
samples were placed in Whatman thimbles. Each run on the Soxtec can only run 5 
samples due to the sample holder’s capacity. 
Duplicates of 1 g of each gelatin, thimble and pans were weighed and their 
weights recorded. Samples were placed in each thimble accordingly and 100 mL 
petroleum ether placed in each pan. After extraction for about 4 h, the thimbles 
containing the extracted samples were weighed and the loss in weight was recorded.  
The calculation formula: % Lipid = Loss in weight /weight of sample x100% 
 
 Ash analysis 
 
Sample Preparation 
The ash method used was according to the standardised method for the testing of 
edible gelatin, Gelatine Manufacturers of Europe (GME), 2000 with some 
modifications. Ceramic crucibles were washed and dried in the oven overnight before 
use. The crucibles were engraved on the bottom and weighed on Fisher Scientific 
Analytical Series PA S214C analytical weighing balance. 
One g of commercial gelatin samples of fish gelatin in triplicates were transferred to 
each crucible and then heated on a hotplate in the fumehood at 220◦C for 4 hours, 
occasionally stirring the samples until they got charred. The samples were placed in 
the desiccator overnight and weighed the following day and the exact weight was 
recorded. Subsequently, the crucibles with sample were combusted at 550◦C oven 
model CWF 1100 (+ 25◦C) for 16-18 hours, cooled in the desiccator and the cups were 
weighed for the amount of ash to be evaluated.  The residue is determined by 
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differential weighing and the result expressed as a weight percentage of the original 
sample. 
 
Calculation for ash content 
The ash content, expressed as % ash, is equal to: 
= m1/m0 x 100 
where: m0 is the quantity weighed in and m1 is the quantity weighed out. 
Note: The maximum value for edible gelatin limit is 2% (GME Monograph Version 1, 
July 2000) 
 
Moisture 
 
A weighed sample of gelatin was maintained for 16 to 18 hours at 105°C (+ 2°C) and 
then reweighed. The moisture content is defined as the percentage loss in weight of 
the sample. The evaporating dish was washed in hot water before placing it in the 
drying oven at 105°C for at least an hour. The dish was left to cool in the desiccator 
until room temperature is reached. The sample was weighed to the nearest milligram 
and note the weight of the test sample (m0) and the weight of the sample together with 
the evaporating dish (m1). The evaporating dish containing the sample was placed in 
the drying oven at 105°C + 2°C for 16 to 18 hours. The sample was left to cool in the 
desiccator until room temperature is reached and weigh to the nearest milligram (m2). 
% moisture calculation formula:  
The moisture content, expressed as a percentage by weight, is equal to: 
m1-m2/m0 x 100 
where : m0 is the weight in grams of the test sample. 
m1 is the weight in grams of the test sample and the evaporating dish before drying. 
M2 is the weight in grams of the test sample and the evaporating dish after drying. 
*Note: The maximum value for edible gelatin is 15% (GME Monograph, Ver 1 July 
2000).  
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Determination of pH  
 
The pH value of gelatin solution was measured using the British Standard Institution 
method, (BSI 757, 1975). Gelatin solution 1.0 % (w/v) was prepared by dissolving 
gelatin powder in distilled water for 30 min and heated to 60°C for 30 min and then 
cooled to room temperature before measuring the pH (Mettler Toledo SevenEasy pH 
meter, Mettler Toledo GmbH, Schwerzenbach, Switzerland), after standardizing the pH 
meter with pH 4.0 and 7.0 buffers. 
 
Yield measurement 
 
The yield of gelatin was calculated as a percentage value based on the weight of raw 
skin and freeze-dried gelatin.  
 
2.2.2.4 Determination of gel strength (Bloom value) 
 
The Bloom value (gel strength) of gelatin gel was determined according to the method 
described by Gelatin manufacturers of Europe (GME) Monograph version 1 July 2000. 
Gelatin (7.5 g) was weighed into a Bloom jar (Schott Duran, 55122 Mainz, Germany) 
to which 105 ml deionized water was added. The solution (6.67 %) was swirled with a 
glass rod, covered and allowed to stand at room temperature for 3 h to allow the gelatin 
to swell. The Bloom jars were heated at 60°C, the gelatin solution was stirred for 20 
min to dissolve the gelatin completely. The jar was cooled for 15 min at room 
temperature. Bloom jars were kept in a thermostatically-controlled waterbath and 
chilled water bath at maintained at 10 ± 0.1 °C overnight (16-18 h) for gel maturation. 
The following day, the gelatin was tested on a TA-XT2 texture analyzer (Stable 
Microsystem, Godalming, UK) by penetration with a standard radius cylinder (P/O.5R) 
probe, to a depth of 4 mm at 0.5mm/s. The standard glass Bloom jar was placed 
centrally under the plunger and the maximum force reading (the resistance to 
penetration) was obtained and is the Bloom strength (g) of the gel. The reading was 
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the average of three determinations and Bloom value of tilapia skin gelatin was 
compared to that of a commercial tilapia gelatin. 
 
2.2.2.5 Amino Acid analysis 
 
Chemicals for amino acids analysis:  acetonitrile (ACN) HPLC grade (BDH), sodium 
acetate, mixed resin (amberlite MB-6113), sodium hydroxide, sulphuric acid were 
obtained from Fisher Scientific, Loughborough, UK. Triethylamine (TEA), 
Phenylisothiocyanate (PITC). Amino acid standards for food analysis, silicone oil, citric 
acid, and commercial bovine gelatin (Type B) from bovine skin were obtained from 
Sigma-Aldrich Company Ltd, Poole, Dorset, UK. All reagents used were analytical 
grade. 
The individual amino acid standards were run in order to identify the retention 
times of the peaks elucidation. A single standard solution comprising of 17 amino acids 
was run on the HPLC before and after the hydrolyzed gelatin samples. 
The HPLC method used a binary gradient over 30 minutes on a Ultimate 3000 
chromatograph (Thermo / Dionex, Ultimate 3000) with a thermostatic autosampler and 
Photo Diode array detector using a reverse-phase Phenomenex Kromasil 5 µm C18 
column size 150 mm x 3.2 mm HPLC column. The column oven was set at 30◦C and 
UV-VIS wavelength was set at 254 nm. 
Mobile phase A was prepared by dissolving 19 g of sodium acetate trihydrate in 1 L 
Milli-Q water with 0.5mL TEA, and pH was adjusted to pH 6.4 with glacial acetic acid. 
940 mL of this solution was then added to 60 mL acetonitrile. Mobile phase B was 
comprised of 60:40 ACN:water (v/v). 
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Table 2.1 HPLC flow rate and gradient 
Time  Flow rate (ml/min) Mobile phase A % Mobile phase B % 
0.5 0.67 100 0 
10.0 0.67 66 46 
10.5 0.67 0 100 
12.0 1.0 0 100 
12.5 1.0 100 0 
20.0 1.0 100 0 
20.5 0.67 100 0 
 
Preparation of samples and standards  
 
The amino acid content of tilapia skin gelatin was determined by the method of 
Bidlingmeyer et al., (1987), with some modifications using a reverse-phase 
Phenomenex Kromasil 5 µm C18 column size 150 mm x 3.2 mm HPLC column (Dionex 
Ultimate 3000) with a flow rate of 670 to 1000 microLitres/min. The column oven was 
set at 30◦C and UV-VIS wavelength was set at 254 nm. 
Tilapia skin gelatin and commercial tilapia gelatin were hydrolysed by placing 20 mg of 
each sample, in triplicates in screw cap tubes with the addition of 15 ml 6 N HCI. The 
tubes were then kept under nitrogen and placed in an oven at 110°C for 24 h. The 
hydrolysed samples and free amino acids standards (20 µI) were derivatized with 
phenylisothiocyanate (PITC) and analysed as described below.  
Mobile phase A was prepared by dissolving 19 g of sodium acetate trihydrate in 1 L 
Milli-Q water with 0.5mL TEA, and pH was adjusted to pH 6.4 with glacial acetic acid. 
940 mL of this solution was then added to 60 mL acetonitrate. Mobile phase B was 
comprised of 60:40 ACN:water (v/v) (Table 2.1). 
 
Derivatisation of amino acids with phenylisothiocyanate (PITC) 
 
Hydrolysed gelatin solution from above as well as the 17 amino acid standard mix (20 
µI), were placed in 2ml autosampler vials and dried under a stream of nitrogen for 20 
min.  
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Then, 10 µI of drying solution containing 200 µI methanol, 200 µI 1 M sodium acetate 
and 100 µI triethylamine (TEA) (2:2:1), was added to the residues and the resulting 
solutions were dried under a stream of nitrogen again for 10 min.  
The derivatization reagent was freshly prepared by mixing 50 µI PlTC, 350 µI methanol 
(HPLC grade), 50 µI TEA, and 50 µI milliQ water. The derivatization reagent (20 µI) 
was added to each vial and were vortex-mixed and left at room temperature for 10 min. 
The reagent was then removed under a stream of nitrogen for 20 min. The derivatized 
samples were dried under a stream of nitrogen and dissolved in 100 µI of mobile phase 
A. Twenty µI of each sample was injected into the HPLC column for analysis. The 
hydrolysed gelatin solutions were analyzed, in triplicate, by HPLC. 
 
2.2.2.6   Hydrophobicity test 
 
Method 
The method of Townsend and Nakai (1983) was used for determination of protein 
surface hydrophobicity, with small modifications made on equipment used and using 
BHT instead of BHA.  
 
Chemicals:  
0.1M phosphate buffer was prepared with the following: Phosphate buffer pH 7.0, 
Mono: 0.61g, Di: 0.86 g (sodium Dihydrogen Orthophosphate Dihydrate), SDS: 0.02g 
(Sodium dodecyl sulfate) and dissolved in one liter. 
Spectramax ID3 plate reader was used to analyse a sample of 1% tilapia gelatin its 
fluorescence and compared with a control, 1% bovine serum albumin (BSA). Butylated 
hydroxytoluene (BHT) was used as an antioxidant in the samples. 
Both the sample and control were made with a concentration of 1% (w/v) with the buffer 
before making into serial dilutions of 0.10%, 0.05%, 0.01%, 0.005% and 0.0025%. A 
blank containing phosphate buffer with cis- parinaric acid was used on the fluorescence 
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of a Spectramax ID3 plate reader, with the excitation wavelength of 320 nm and 
emission wavelength of 432 nm. Their fluorescence were read off and the gradients of 
the graphs were computed accordingly, with the equation: 
Gradient = y2-y1/ x2-x1 
From the linear equation, y = mx + c 
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2.3 Results and discussions  
 
2.3.1 Characterisation of extracted gelatin 
 
2.3.1.1 Gelatin extraction 
 
In this study, the extracted gelatin was analysed for its proximate composition for 
protein, fat, ash, moisture, gelatin gel strength, amino acids and hydrophobicity. The 
visual observation for the gelatin’s colour and odour were also evaluated except for the 
flavor, as food safety standards the lab did not permit the tasting of gelatin.  
The method of extraction and treatment of the fish skins proved successful to give 
a good quality gelatin. The extracted gelatin had a good colour, gel strength (Bloom), 
high protein, low moisture and ash contents, which were comparable to commercial 
tilapia gelatin (Table 2.2). 
Acid and alkali has advantages over other ways such as direct thermal pre-
treatment being carried out under high temperature (heating and autoclaving), which 
produces an inferior quality gel. According to Herpandi et al., (2011), pre-treatment 
using both acidic and alkaline treatment can be done simultaneously. One element is 
the removal of non-collageneous materials in the preparatory step by washing and 
soaking in sodium hydrogen carbonate, as part of gelatin extraction. 
The quality of food grade gelatin and its application in food systems depends on its 
functional properties. One of the important feature of gelatin is its melt-in-the-mouth 
characteristic. Fish skin gelatins may provide better alternatives for some applications 
because of their, at times, relatively lower gel strengths and melting temperatures 
compared to that of mammalian gelatins. These characteristics may be desired in some 
food systems which require the flavor to be released easily, thus leading to improved 
sensory characteristics (Boran et al., 2010). 
The choice of raw material used to produce gelatin was fish skin from Tilapia, as 
being of warm-water species which is known to have a good gelling characteristic. 
(Cheow et al., 2007) reported that skins from these type of fish, such as tilapia, are an 
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optimal raw material for gelatin production. Tang et al., (2015) reported that tilapia 
gelatin showed better physical-chemical properties, higher viscosity and film forming 
properties than other specimens tested, which could have been due to differences at 
conformation and primary structure of tilapia gelatin. Whole skins were skinned off from 
the fish fillet and were cut into smaller sizes for gelatin extraction in order to obtain a 
higher level of gelatin quality. Koli et al., (2013) found that using minced skins instead 
of whole skins proved that the time of extraction of gelatins was significantly shortened 
but compromised the gelatin quality.   
There was also a possibility to choose other by-products of fish such as bones and 
other discards. The purpose of this study was to obtain gelatin in the most efficient 
manner, that is, removing the skins can be easily separated from the bones. This 
method is preferable to using bones because bone requires extra treatment to be 
demineralized (decalcified) before extraction for its gelatin. Also, it was not feasible on 
a lab-scale basis to carry out the treatment of bone. Furthermore, gelatin from bone 
would be more inferior to skin gelatin. Fish skin of Nile perch had a lesser lipid, higher 
protein content (20-22 %) than bones (13 %) (Muyonga et al., 2004). Fish bone had 
lower yield (Herpandi et al., 2011) as well as lower gel strength (Alfaro et al., 2015) 
than skin. 
The factors to be weighed for gelatin production from fish skin are the variation 
among the fish species which have intrinsic differences in the skin’s collagen molecules 
(Koli et al., 2013). This means their different structure of the triple helical collagen 
molecules. Secondly, the high susceptibility of collageneous material undergo 
degradation due to a lower content of non-reducible intra- and intermolecular cross-
links (Alfaro et al., 2015). Chen et al., (2016) found that the sub-units α-1 are important 
during formation of helical structures and mechanical properties of gelatin. 
 
On method of extraction 
One common finding amongst the methods in literature is the similarity of using 
Gudmundsson and Hafsteinsson (1997) as a standard reference method, originally 
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used for cod skins, which gave rise to reasonably good gel strength and yield of gelatin. 
The washing of skins prior to the extraction treatment is to remove substantially all 
superfluous material (Grossman and Bergman, 1992) and followed by soaking them 
repeatedly in 0.1% sodium hydrogen carbonate to rid of non- collagenous proteins and 
pigments. The pre-treatment of skins in cold extraction with an alkali and two acids 
followed suit with 0.2% sodium hydroxide, 0.2% sulphuric acid and then 0.7% citric acid 
respectively. The skins were then extracted with water at 45°C overnight before the 
onset of filtration, evaporation under vacuum and freeze-drying to the final dry form. 
During the process, the gelatin underwent deionization, set ionic strength and pH 
adjustment to pH 6 before being kept at frozen storage for further tests. 
   The combination of alkali followed by acid pretreatment improves gelatin yield 
and properties compared with using just alkali or acid pretreatment alone, and has 
become a widely used method for fish gelatin extraction (Zhou et al., 2006); (Herpandi 
et al., 2011). The extraction process is very important because it affects the molecular 
weight distribution of gelatin (Alfaro et al., 2015). The objective of alkali and acid pre-
treatment is to break down the collagen, dissolve the non- collagen proteins and 
hydrolyse the peptide bonds, but maintaining structure of the collagen fibres (Ward & 
Courts, 1977). During the treatment, the intramolecular covalent and non-covalent 
bonds of the structure are broken and other impurities are released. 
The critical parameters of gelatin extraction process are acid, alkali and water.  
The acid concentration used is an important factor as neutral or acid pH values are 
essential in the gelatin extraction.  Strong electrolytic acids such as hydrochloric acid 
and acids with multiple ionisable groups such as citric acid are expected to have many 
reactive hydrogen ions at the same molar concentration.  
Therefore they require lower level of acid concentration to facilitate the 
extraction of gelatin (Niu et al., 2013). For example, the higher concentrations of 
sulphuric acid, sodium hydroxide and citric acid results in lowest value of gel strength. 
Too low acid concentration e.g. 0.01 M acid or too high concentration of > 0.05 M 
yielded an extract with a smaller ratio of large molecule component such as β-chains 
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and exhibited lower viscosity. This was correlated to gelatin’s sensitivity to acid and 
alkali hydrolysis, as both affected cross-linking in the collagen.  
Citric acid was used after series of treatment with 0.2% sodium hydroxide and 
0.2% sulphuric acid. Grossman and Bergman (1992) found that using citric acid gave 
more efficient in giving a high quality product, than when using mineral acid only. Also, 
Sae-Leaw et al., (2016) reported that gelatin from skin treated with citric acid resulted 
in reduced fishy odour and flavour compared to that from acetic acid pretreated skin. 
During the treatment with citric acid, the skins were observed to absorb the solution 
and the volume of the method had to be modified to increase the ratio of citric acid 
solution by 1.5 times, in order to allow the skins to be fully immersed in the solution. 
Upon rinsing after citric acid treatment, the skins swelled to almost translucent form 
and had a soft, jelly-like texture. This was probably due to the collagen’s cross-links 
opening up during treatment. 
The time and temperature of extraction of gelatin is important (Muyonga et al., 
2004) found that using a longer extraction process, four stage process, in preparing 
gelatin from Nile perch (Lates niloticus) backbones led to loss of collagen. In terms of 
hot or cold extraction, the higher the temperature will give rise to higher the levels of 
gelatin will be extracted but the quality will be compromised. The strong correlation 
between the extraction process and gelatin’s gel strength was explained by (See et al., 
2010), in which the more severe the extraction process led to a higher extent of 
hydrolysis of peptide bonds. As a result, proportion of peptides were higher with 
molecular weight less than α-chain. Also, their finding on the combination of alkaline 
and acidic pretreatment following with hot water extraction and freeze drying resulted 
in high yield and gel strength of extracted gelatins. This is also similar results for Alaska 
Pollock gelatin, which underwent alkaline and acidic pre-treatments. There was 
positive effect on removing non-collagenous proteins (Zhou et al., 2006). Similar to this 
finding, (Jamilah and Harvinder, 2002) found that pretreatment with acid only resulted 
in fish oil being left in the gelatin.   
During the extraction process, gelatin is obtained in its liquid form as it is mixed with 
water, before it is treated with vacuum evaporation to a get to a more concentrated 
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form. However, this has to be further treated with a freeze-dryer. Dry gelatin is obtained 
from concentrated sols by cooling to the solid gelatin gel and drying the gel. Elimination 
of water from the liquid gelatin solution can only be achieved by spray drying or roller 
drying. However, in comparison with other protein containing liquids, it is possible to 
exploit the gelling power of gelatin to facilitate drying (Ward & Courts, 1977). 
The extracted tilapia gelatin was freeze-dried in order to get it into a dry form and 
concentrated gelatin. Since the moisture content of the extracted gelatin was lesser 
than the commercial tilapia gelatin, this showed the freeze-drying process was more 
efficient than normal oven-drying method. Also, the resultant freeze-dried gelatin was 
of good quality as freeze-drying the process gave a homogeneous porous matrix which 
underwent limited chemical reactions, as well as retained the initial raw material 
properties (Hammami and René, 1997). 
The other methods which are common for drying of food are conventional air drying, 
freeze drying and spray drying. The efficiency of freeze-drying process, compared to 
conventional oven drying is better although according to Sae-Law et al., (2016) requires 
a large amount of energy and is time consuming. The process is four to five times more 
costly, due to vacuum technology and running costs. In comparison, spray drying is 
nine times more costly than a single-stage evaporation process (Hammami and René, 
1997). During the freeze-drying process, the temperature of the gelatin goes above the 
sublimation temperature, which is removed by vacuum leaving the dried gelatin.  
In industry, gelatin may be further purified through ion exchange or ultra- 
filtration columns, which removes inorganic salts or any off-flavor due to amines. The 
conversion of collagen to gelatin is affected by processing temperature, time, pH, raw 
material properties and pretreatment (Kołodziejska et al., 2008). The use of gelatin for 
its applications in food and other purposes is dependent on its functional properties, 
which is determined by both its physical and chemical characteristics. Gelatin’s 
functional properties are related to chemical characteristics, amino acid content and 
distribution of the molecular weight to processing conditions (Gómez-Guillén et al., 
2002). 
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2.3.1.2 Proximate composition of gelatin  
 
The proximate composition of fish skin gelatin are presented in Table 2.2.  
 
Table 2.2 Chemical composition of fish skin gelatin 
 
Composition Tilapia skin gelatin (%) Commercial tilapia skin gelatin 
Protein 90.2 + 0.68 > 86% (n= 5.55, AOAC) 
Fat 0.62 + 0.03 
*14.9% (before defatting process)  
Literature range: 0.1-0.3% 
Moisture 5.2 + 0.62 7.3 -15.0% 
Ash  0.08% + 0.05 < 2.0% 
pH 6.0 + 1.0 5.5 + 1.0 
Each value is expressed as mean ± SD (n=3) of triplicate measurements. 
 
 
The extracted gelatin being rich in protein, low fat, moisture and ash content showed 
that the efficient extraction process in producing good quality gelatin. The proximate 
results are in line with the findings of other fish available in the literature. The difference  
in moisture  content  in  gelatin  may  be  due  to  the  variation  in  drying  process. 
The protein content of freeze-dried fish skin gelatin was 90.2 + 0.68 %. These 
results are similar to commercial tilapia gelatin which contained > 86% protein.  This is 
further discussed in section 2.3.1.2.1. The fat content was 0.6%, which was not too far 
off from literature range 0.1-0.3% (Muyonga et al., 2004). The moisture and ash content 
were 5.2% and 0.1 % respectively.  
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2.3.1.2.1    Protein 
Literature protein values of tilapia gelatin ranged from 82% (Alfaro et al., 2013), 
between 88.0%, 88.7% and 87.9% in adult nile perch skin gelatin by (Muyonga et al., 
2004). 
Gelatin has a unique amino acid sequence and structure, which presents some 
issues on the analysis part. Liu et al. (2011) reported some interesting issues and 
limitations for gelatin researchers, whether relatively new to routine tests, and at the 
same time, including the advanced professional, who often overlooks some of these 
issues. Common analytical techniques are used to study the physicochemical 
properties of gelatin, which include critical assays that are used to characterize the 
gelatin and are used by the industry to determine the quality and, therefore, the 
economical and practical value of these gelatins. Due to the variation in sources and 
extraction conditions, the resulting gelatins differ greatly in amino acid composition and 
molecular weight distribution, which will further contributed to the variations in the color 
response among different sources. 
The protein analysis drawbacks include the absence of tryptophan and the 
presence of hydroxyproline (and a little hydroxylysine) of protein determination. For 
Kjeldahl test, the standard 6.25 conversion factor is widely used to make an 
approximation of actual protein present. However, the Kjeldahl factor for collagen and 
gelatin is also likely to be lower as these proteins are likely to have more nitrogen. A 
factor of 5.4 has been proposed, but it is not clear how well this number represents the 
many different gelatins now being studied and how the presence of more “normal” 
proteins as impurities in many of the “commercial gelatins” and experimental samples 
will impact the results of using the 5.4 factor.  
 
2.3.1.2.2 Fat 
 
As the fat was removed prior to gelatin extraction, the gelatin resulted in a low fat 
content of 0.6 + 0.03% in the gelatin. The fat content determines the degree of rancidity 
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(oxidation process) of the gelatin. The higher the fat, the more the spoilage. Also, the 
fat interferes with the interaction of the protein functionality.  
 
2.3.1.2.3    Ash 
 
The ash content of the extracted gelatin was 0.08 + 0.05%, which was below the 
commercial tilapia gelatin’s value of <2.0%. The colour of the ashed fish gelatin was 
dark brown, light texture and in spots. This, compared to commercial bovine/porcine 
gelatin which were light grey and clumped, made an interesting contrast.  
The ash content of gelatin is affected by the raw material type and the 
processing method. Pork skin gelatins has some chlorides or sulfates and ossein and 
hide gelatins calcium salts of acids are used in the neutralization. Ion exchange 
treatment can demineralize gelatins (GMIA, 2012). The ash content is not necessary a 
limiting factor for gelatin applications, except for the fact that it indicates the maximum 
calcium content, which is significantly important information for some applications such 
as in confectionary products. Also, the nature of ash can be important; Ca SO4, for e.g. 
has excellent clarity but on dilution of the gelatin in a confectionary formulation, the ash 
can precipitate (Alfaro et al., 2015). 
As a comparison to tilapia skin ash content which has been reported to be 4.24 
g/100g (wet basis) whereas the tilapia skin gelatin has 2.10 g/100g of ash (Alfaro et al., 
2013). Rawdkuen et al., (2013) found the tilapia skin gelatin ash content was 0.15% + 
0.09 and compared with commercial beef gelatin, which had a higher ash content of 
1.30% due to stabilizer compounds used for gelatin stabilization.  
Fish age was not considered. Muyonga et al., (2004) found the difference in ash 
contents between young and adult Nile perch to be 3.7% and 6.0% respectively 
because of higher calcification of the scales according to the fish age. 
 
 
 
76 
 
2.3.1.2.4   Moisture 
 
The moisture content of the gelatin was below 6%, which was within the limit set for 
edible gelatin by (GME, 2012). The determination of the water content in gelatin is 
important commercially as commercial gelatins have moisture levels of 8-12% (Haug 
and Draget, 2011). Alfaro et al., (2015) reported 9-14% moisture levels, with samples 
at times being outside this range (7.3% for Nile tilapia gelatin and 11.04% catfish), 
which was the case for wami tilapia skin gelatin having 15% moisture. The moisture 
content for nile perch skin gelatin was 10.5-11%  (Muyonga et al., 2004).  
The importance of reducing the moisture level as low as possible is to prevent 
spoilage of gelatin by oxidation during storage. The drying steps in reducing the water 
content by freeze-drying and rotary evaporation, both under vacuum conditions 
showed that the drying was efficient in getting the low moisture of the extracted gelatin 
to 5.2% level. 
 
2.3.1.2.5 pH determination 
 
The pH, isoelectric point (IEP) and ionic strength all ties in with the final product of 
gelatin’s characteristics. During the deionization step, the gelatin solution was boiled in 
resin and filtered to obtain the gelatin concentrate. The purpose of treatment of 
deionization step for gelatin is to remove/separate any salts present in the gelatin 
liquor. The extracted gelatin was intentionally adjusted to pH 6.0 soon after 
deionization, before the drying step. Badii and Howell (2006) found this achieved high 
Bloom values for horse mackerel fish gelatin which was considered the ideal condition 
for gelatin gelling point. 
The pH of a gelatin solution is dependent on the onset of the type and strengths of 
chemical treatment used during the extraction (Alfaro et al., 2013), which was found to 
be 4.66 + 0.41. Prior to the extraction stage, the efficiency of washing stages that follow 
after the chemical treatments during skin preparation attribute to the higher natural pH 
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of gelatin. Jamilah and Harvinder (2002) reported pH 3.91 and 3.05 for black and red 
tilapia gelatins respectively.  
The pH condition affects the gel strength as well as determines the stability and 
mechanical properties of gelatin. The gel strength of gelatin gradually decreases with 
increase in ionic strength, and hence will affect the Bloom test result. Fish gelatin 
showed lower Bloom strength but was quite stable to variations in pH (2-10) compared 
to mammalian gelatin. Bovine gelatin had the highest bloom strength value of 350.83 
g at pH 6, followed by porcine gelatin with 345.42 g. The stability over a fairly wide pH 
range is very useful for food applications of gelatin (Koli et al., 2013).  For some food 
applications such as jellied meat products, the utmost clarity is required at pH values 
in the range 5.0-6.0 and this can be marginally important. Ward and Courts (1977) 
reported that all gelatins are better buffers in the range from pH 5.5 to 3 than in the 
range from pH 5.5 to 10, so that the ionic strength (arising from acid needed to reduce 
the pH) is greater in acidic solutions. This helps to suppress the viscosity more 
effectively at pH 4 than at pH 10. The physiochemical properties of salmon skin gelatin 
showed that extraction conditions had a strong influence. The results show that pH 
used to carry out the extraction played a major role in controlling the triple helix content 
of salmon gelatin. Lower conditions at pH 3 caused the gelatin to have the opposite 
effects of the milder conditions (pH 5). 
The isoelectric point affects the gel strength, which may also be controlled, to a 
certain extent, by adjusting the pH (Jamilah and Harvinder, 2002). By adjusting the pH 
of gelatin close to its electric point will form gels to be more compact and stiffer. The 
iso-electric point (IEP) of fish gelatin can vary between the raw material used and the 
end product. The iso-electric point is of vital importance when gelatin is mixed with 
certain other colloids because of the danger of mutual precipitation if the colloids are 
carrying opposite charges. As gelatin is often used in conjunction with other colloids, 
at pH values below about 5 both types of gelatin carry a positive charge; above about 
pH 7.5 both types carry a negative charge. According to Ward & Courts (1977), the IEP 
of acid-processed pig skin gelatin is usually in the region of pH 7.5-9 whereas that of 
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lime-processed material is in the range 4.8-5.0. There may therefore seem to be reason 
to choose one particular type depending on the pH range of the finished product. 
The gelatin treated mildly had higher moisture content, in agreement with higher 
amounts of triple-helix structure (Díaz-Calderón et al., 2017). In addition, mild 
conditions caused a higher gel strength, elastic modulus and moisture that was 
correlated with higher protein content, imino acids (proline and hydroxyproline) 
molecular weight over 120 kDa. Weng et al., (2014) reported tilapia gelatin extracted 
under different pH conditions (3-9) did not have significant differences in permeability 
and transparency. Less aggressive treatments (pH 5) resulted in gelatin with higher 
mechanical properties. 
 
2.3.1.3 Yield and quality of tilapia skin gelatin 
 
Yield 
 
The yield of gelatin extracted from fish skin of tilapia ranged from 19 to 26% 
based on dry weight basis. The yield of extracted gelatin was calculated based on the 
wet weight of the starting material using the following equation: 
Yield (%) = [Weight of freeze-dried gelatin (g)/ weight of raw skin (g)] x 100 
This was reasonable result in comparison with other yield values by 
researchers. Kolodziejska et al., (2008) reported about 50 kg of collagen or gelatin, 115 
kg of valuable muscle proteins per tonne of heads and backbones. Yields of tilapia skin 
gelatin reported by Jamilah and Harvinder (2002) were 5.4% and 7.8% for black and 
red tilapia and Zeng et al., (2010) was 19.3 % for Nile tilapia. Grossman and Bergman 
(1992) reported a yield of 15% for tilapia skin. Alfaro et al., (2013) found 5.1% Wami 
tilapia skin gelatin. The yield of gelatin from other species of fish has also been 
reported. The yields of gelatin from skin of sin croaker and shortfin scad were 14.3 % 
and 7.25 % yields respectively (Cheow et al., 2007). Myuonga et al., (2004) reported 
12.5 % yield for young Nile perch skin gelatin and a higher 16 % for adult fish skins. 
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Bigeye snapper had the lowest yield of 4% (Binsi et al., 2009). Cod skin yielded 14 % 
gelatin (Gudmundsson and Hafsteinsson, 1997). 
The recovery rate, species of fish, collagen content and major layers structural 
arrangements in skins altogether in correlation to the yield of gelatin are important. The 
yield of the gelatin is dependent on the fish species, collagen content and composition 
in the fish skin, as well as the difference in gelatin extraction methods (Ninan et al., 
2014). Yield is often one of the most important issues for those making gelatin 
commercially and a major contributor to the economics of any gelatin production 
process (Liu et al., 2011). Systematic studies are needed to elucidate how the protein 
yield and physiochemical properties of gelatin is affected by different acids during 
extraction. This may account for the large differences in yields (5.4-19.3%) of tilapia 
skin previously reported. The highest yield depends on varieties of fish and the content 
of collagen exist in fish skins. The average extraction yield of fish gelatin is lower than 
mammalian gelatin at approximately between 6% and 19% (expressed as grams of dry 
gelatin per 100 g of clean skin).  A better yield could be possibly due to the cross-links 
open during swelling (Cheow et al., 2007). Interestingly, (Rawdkuen et al., 2013) 
reported the age of fish before harvest may cause an effect on the gelatin recovery. 
Due to this, a longer period of fish farming will provide higher gelatin content.  
One of the issue is the concept of yield which needs to be thought about 
critically. Arnesan and Gildberg (2006) highlighted the unreliability of reporting gelatin 
yield as dry gelatin weight compared to the weight of wet skin. As the water content of 
the skin may vary through freezing, salting, scraping and draining  or due to incomplete 
hydrolysis of the collagen, in other words, insufficient denaturation of soluble collagen 
during extraction (Jamilah and Harvinder, 2002); (Cheow et al., 2007). Gelatin yield 
should be expressed as the amount of dry gelatin compared to the amount of dry 
matter.  
 
Quality  
The extracted gelatin produced a good colour and excellent gel strength (high Bloom 
value). The fishy odour was observed to be less when the skins was defatted before 
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they were extracted for gelatin. As this was lab-scale process, there was no method 
used for treatment of the gelatin for removing the fishiness. 
The factors affecting the quality of gelatin include the raw material used and 
variations in processing conditions such as extraction time, extraction temperature, and 
concentration of acid or alkali (Boran and Regenstein, 2010). The raw material collagen 
may have differences in amino acid composition and the effects of processing 
conditions have implications on the final gelatin. 
 
 Colour and Odour (Visual observation) 
 
 
Figure 2.2 Extracted tilapia gelatin 
 
The flavor of the fish gelatin was not tested, due to non-food safety of the 
production, not safe for human consumption. The colour and odour were visually 
observed during the process. The colour of extracted tilapia skin gelatin was visually 
snowy bright and white (Fig 2.3) and the odour of the gelatin was slightly fishy. The 
colour was similar as reported by (Jamilah and Harvinder, 2002) for black tilapia skin 
gelatin. (Alfaro et al., 2013) reported gelatin of bright and whitish-yellow. Koli et al., 
(2012) highlighted that the turbidity and dark colour of gelatin due to contaminants need 
to be removed during extraction. Another attribute of gelatin’s colour is due to the 
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Maillard reaction occurring between α-amino groups of the amino acids in gelatin and 
traces of carbohydrates in the raw material (Haug and Draget, 2011). (Nagarajan et al., 
2012) found that higher extraction temperature at 80°C resulted in the darker colour for 
the case of squid gelatin. 
The colour of gelatin depends on the nature of raw materials used and does not 
influence other properties application of gelatin. This is reinforced by (Jongjareonrak et 
al., 2010) which additionally added to this stated that the colour of gelatin is also 
dependent whether it is the first, second or later extraction. However, colour is an 
important commercial attribute for gelatin but there is still no universally accepted way 
to assess it. Examples of measuring colour of gelatin gels are by using a chroma meter 
to evaluate the parameters of lightness, redness/greenness and yellowness/blueness 
and turbidity can be measured by using a turbidimeter. Commercial gelatins are usually 
pale yellow to dark amber (Cole, 2000).  
The commercial tilapia gelatin was a crystalline light yellow whereas the bovine 
gelatin was a light brown powder, the porcine was pale yellow (Appendix 2.1). The 
common colour for commercial gelatins usually ranges from pale yellow to dark amber 
(Alfaro et al., 2015). Pork skin gelatins usually have less color than those made from 
bone or hide (GMIA, 2012). In general, color does not affect gelatin properties or reduce 
its usefulness. Commercial gelatin can remove the impurities of the gelatin solution, by 
chemical clarification and filtration (Benjakul et al., 2009). The turbidity and dark colour 
of gelatin are commonly caused by contaminants which form an isoelectric haze under 
2% solutions.  
The odour of the extracted tilapia gelatin was slightly fishy and when the skin 
was de-fatted before extraction took place, the resulting gelatin was less fishy. This 
was probably due to lipids removal which attributed to the fishiness. The commercial 
tilapia gelatin did not have an objectionable nor strong fishy odour and this was 
probably due to the commercial treatment to rid the smell. The commercial cold water 
fish gelatin was slightly fishy and the commercial bovine and porcine gelatin both had 
a distinguishable odour. According to Alfaro et al., (2013), the peculiar smells of fish 
skins is due to the presence of nitrogen compounds and fats that contain high amounts 
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of unsaturated fat acids. Therefore, the treatments previous to the extraction should be 
performed as efficiently as possible to remove the lipid material. The odour scores were 
significantly higher (P<0.05) for bovine and porcine skin gelatins (3.1–3.12), indicating 
that they had a distinguishable odour and hence can be considered as inferior to fish 
skin gelatins in organoleptic qualities.  
Muyonga et al., (2004) has reported that the gelatins prepared from the bone 
and skin of Nile Perch were found absent of fishy odour and to have a mild putrid odour. 
(Jamilah and Harvinder, 2002) found that fishy odour was present in freeze dried fish 
skin gelatin prepared from black tilapia. Black tilapia species, compared to red tilapia, 
have a strong fishy odour due to the stronger muddy odour and flavour associated with 
the nature of black tilapia. (Gudmundsson and Hafsteinsson, 1997) reported that for 
gelatin extraction from cod skin, the odor was absent or barely detectable if sulphuric 
acid and sodium hydroxide were used in low concentrations.  
Recent solutions in minimising the fishy odour/flavour of gelatin have been 
studied (Grossman and Bergman., 1992) and can be applicable to the industry such 
as modifications in the pretreatment using citric acid of 0.05M at a skin/solution ratio of 
1:10 (w/v), followed by defatting prior to gelatin extraction and drying methods utilising 
spray drying (inlet temperature of 180 °C) (Sae-Leaw et al., 2016). 
 
2.3.2 Determination of gel strength (Bloom value) 
 
Table 2.3 The Bloom results of extracted gelatin and commercial fish gelatins  
Gelatin  Bloom strength (g) 
Tilapia gelatin (extracted)  301 + 11.6 
Tilapia gelatin (defatted)  234.0 + 7.3 
Commercial tilapia skin gelatin 
(USA)  
207 + 5.6 
Commercial fish skin gelatin 
(China)  
107.7 + 1.0 
Each value is expressed as mean + SD (n=3) of triplicate measurements 
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The extracted tilapia gelatin had an excellent Bloom results of 301 + 11.6 g, and was 
higher gel strength when the gelatin was de-fatted before extraction 234.0 + 7.3g 
(Table 2.3).  This was comparable to commercial fish gelatins at 207+ 5.6 g and 107.7 
+ 1.0 g,  as well as commercial mammalian gelatins of known gel strength (bovine 
gelatin ~225 g) and porcine gelatin ~300 g). The poorest gel strength was from the 
commercial cold-water fish gelatin, which was not able to form a gel for the Bloom test 
due to its poor gelling performance. The differences in Bloom values of the gelatins 
was due to their intrinsic properties. 
The high bloom could have been due to the gelatin having higher content of 
hydroxyproline, except for the cold-water fish gelatin. The low content of hydroxyproline 
in fish skin gelatin was a major attribute for the low gel strength of gelatin. (Arnesen 
and Gildberg, 2006) reported that hydrogen bonds between gelatin’s free hydroxyl 
groups of amino acids and water molecules are necessary for gel strength. (Nagarajan 
et al., 2012) reinforced the details of the super-helix structure of the gelatin gel is 
stabilized by steric restrictions, which is critical for the gel properties. The pyrolidine 
rings of the imino acids in addition to the hydrogen bonds formed between amino acid 
residues cause these restrictions. 
Bloom determines the gel strength and viscoelastic properties such as gelling, 
melting as well as the quality of gelatin. The bloom value principally accounts for the 
commercial value of gelatin (Zhou et al., 2006). (Jamilah and Harvinder, 2002) reported 
the Bloom strength of tilapia gelatins of two different species. Red tilapia was 128.11 g 
(~128 g) and black tilapia was 180.76 (~181 g). The black tilapia skin gelatin not only 
had a better gel strength than red tilapia, but also was more viscous and had a higher 
melting point. Grossman and Bergman (1992) reported tilapia’s bloom value of 263 g.  
Choi and Regenstein (2008) compared the physicochemical and gel strength 
characteristics of different fish gelatins (190 Bloom, 200 Bloom and 225 Bloom tilapia 
skin gelatin) with pork gelatin of 100, 230 and 300 Bloom. Fish gelatins had similar 
properties to pork gelatin, a better release of aroma and gave a stronger flavor, which 
was promising for alternative to existing market of the mammalian gelatin. 
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Ninan et al., (2014)found gelatin from the skin of yellow fin tuna (T.albacares) 
had a high gel strength (426 Bloom) in comparison with bovine and porcine gelatins 
while gelling and melting points were lower (Cho et al., 2005). The results of bloom 
strength of bovine gelatin was 239.98 g by (Cheow et al., 2007). Horse mackerel (280 
g bloom) (Badii and Howell, 2006). Sin croaker and shortfin scad gelatin were 124.94 
g 176.92 g respectively (Cheow et al., 2007). The gelatin from channel catfish skin 
showed high gel strength of 276 g  (Liu et al., 2008). Tuna skin gelatin had 167 g 
(Giménez et al., 2009). 
Gelatin solutions with a concentration over 0.5% is cooled to 35- 40°C the 
viscosity, is increased prior to gel formation. Gel strength depends upon gelatin 
concentration, the intrinsic strength of the gelatin structure and molecular weight, pH, 
temperature, and additives (GMIA, 2012). 
During the extraction process at elevated temperatures, heat-stable 
endogenous proteases in the skin degrade gelatin molecules (specifically the β- and 
α-chains), which contribute to the low Bloom strength (Karim and Rajeev, 2009). 
 
2.3.3 Amino acid analysis  
 
The tilapia gelatin was analysed and compared with commercial gelatins of tilapia 
(Custom Collagen, UK) and bovine (Sigma Aldrich, UK). The amino acid composition 
(% relative area) of extracted tilapia gelatin are tabulated in Table 2.4 and the 
chromatogram is in Appendix 2.2. The relative area in % of each of the amino acids 
elucidated from the chromatogram were compared between the extracted tilapia 
gelatin, commercial tilapia and bovine gelatins.  
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Table 2.4 The relative area (%) of gelatin samples from HPLC chromatogram. 
Peak 
No. 
Injection 
sample 
Extracted 
tilapia 
gelatin 
Commercial 
tilapia 
gelatin 
Commercial 
bovine 
gelatin 
1 
aspartic 
acid 4.38 4.34 4.62 
2 
glutamic 
acid 6.76 6.86 7.38 
3  serine 3.07 3.30 3.11 
4  glycine 33.94 33.86 35.03 
5  histidine n.a n.a n.a 
6  arginine 5.57 5.33 5.35 
7  threonine 2.96 2.59 2.35 
8  alanine 26.09 25.84 25.91 
9  proline 5.78 1.42 4.30 
10  tyrosine 0.29 n.a n.a 
11 valine 2.31 2.23 2.60 
12 methionine 1.01 0.78 0.68 
13 cysteine n.a n.a n.a 
14  iso-leucine 0.80 0.84 1.14 
15  leucine 2.10 1.93 2.58 
16 
 
phenylanine 1.56 1.12 1.34 
17  lysine 2.61 2.21 3.07 
 
Amino acids (17) were run in all the samples. They included aspartic acid, 
glutamic acid, serine, glycine, histidine, arginine, threonine, alanine, proline, tyrosine, 
valine, methionine, cysteine, iso-leucine, leucine, phenylanine and lysine. The results 
of the peaks elucidated was compared with the individual standards for their relative 
area (%). The highest relative area showed that glycine had the highest percentage, 
followed by alanine. As expected, glycine was the highest amino acid content in the 
gelatins being similar 33.94% and 33.98% for the extracted tilapia gelatin and 
commercial tilapia gelatin respectively, whilst 35.03% for bovine gelatin.  
Alanine was second highest of 26.1% for tilapia gelatin, 25.84% for commercial 
tilapia gelatin and 25.91% for bovine gelatin. Alanine, non-polar proline and 
hydroxyproline, in the sequence of Gly-Pro-X influenced optimum viscoelastic 
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properties of the tilapia gelatin, when compared with gelatins from cold water fishes 
(Alfaro et al., 2013). Glutamic acid, proline, arginine and aspartic acid were also found 
at higher levels. The proline average relative area was lower than glycine and alanine 
for all the samples. Tilapia gelatin was 5.78%, commercial tilapia gelatin 1.42% and 
bovine gelatin was 4.30 %. (Badii and Howell, 2006) found that glycine (more than 
30%) was present in all the samples and the most dominant amino acid in horse 
mackerel gelatin. 
Serine, threonine, lysine, valine, leucine, phenylanine were present in the gelatin 
at lower levels. Finally, tyrosine and iso-leucine were present in the smallest levels. 
Histidine and cysteine were not detected for all of the gelatin samples, histidine was 
also absent for black and red tilapia skin gelatin (Jamilah and Harvinder, 2002). This 
was in line with the findings from Nagarajan et al., (2012) for squid gelatin. The 
presence of cysteine in gelatin may indicate gelatin’s possibility to have a small quantity 
of stroma protein, such as elastin, which is highly insoluble and unusually stable in salt.  
For literature values of amino acid, the % amino acid composition (imino acids 
expressed as the number of residues of proline and hydroxyproline in 1000 residues, 
and hydrophobic amino acids calculated as the sum of residues ala, val, leu, iso leu, 
pro, phe, and met per 1000 residues) (Badii and Howell, 2006). Commercial tilapia had 
322 + 6 % hydrophobic amino acids and the amino acids in horse mackerel and tilapia 
were compared with cod gelatin, which was not able to form a gel. Tilapia gelatin’s 
glycine was 347, alanine at 123, proline at 119 residues per 1000 residues (Haug and 
Draget, 2011). 
The amino acids composition affects the physical properties of gelatin (Irwandi 
et al., 2009) with glycine (Gly) being the most predominant amino acid. The amino acid 
in gelatin consists of imino acids, i.e. proline and hydroxyproline. In this study, 
hydroxyproline was not analysed due to limitation of analysis.  
Hydroxyproline through hydrogen bonding ability through its hydroxyl group plays a key 
role in stabilizing triple-stranded collagen helix (Nagarajan et al., 2012). Muyonga et 
al., (2004) reported that fish gelatin from warm-water fish present from 22 to 25% of 
these acids. Gelatin containing high levels of imino acids have higher gel strength and 
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melting points (Haug et al., 2004) and better visco-elastic properties (Gómez-Guillén 
et al., 2002) by promoting triple helix formation and stabilization of gelatin at low 
temperature. The unique sequence (Gly-Pro-Hyp) of collagen and gelatin with its high 
amount of Gly and the absence of Trp makes it likely that the average molecular weight 
of the amino acids in the protein is less than that assumed for proteins in general 
although the impact of high Pro and Hyp also need to be considered (Liu et al., 2011).  
Besides from the total imino acid content, the glycine content is proportional to 
the stability of the collagen and gelatin (Lehninger et al., 1993). The differences in ratio 
of glycine to imino acids and glycine to glutamic acids also exist in gelatins of different 
origin (Gudmundsson and Hafsteinsson, 1997). In comparison with mammalian gelatin, 
(Mhd Sarbon et al., 2013) found that chicken gelatin exhibited higher imino acid 
content, Pro (13.42 %) and H.Pro (12.13 %) than bovine gelatin which was 12.66 and 
10.67 % for Pro and H.Pro respectively. 
 
 
2.3.4 Hydrophobicity test  
      
The gradient (slope) is the value of X is 500,0000. The hydrophobicity of tilapia gelatin 
was found to be at the 300,000 and BSA had a higher gradient of 500,000 as in Figure 
2.4-2.5.  
The functional properties of gelatin is attributed by the hydrophobicity, as well as 
other factors such as chain length, molecular weight and amino acid composition 
(Gómez-Guillén et al., 2002). The importance of protein-water interactions are 
essential to understand both the structure of the protein molecule and the functional 
properties of the protein molecule in food systems. Hydrophobic amino acids as well 
as hydrophilic ones make up the mixture for good foaming proteins (Hudson, 1992). 
Exposed hydrophobicity of proteins denatured prior to measurement is reported to 
correlate well with foaming (further discussed in Chapter 5).  
The two measurements of hydrophobicity include average (or total) and surface (or 
effective) hydrophobicity. The fluorescence technique using cis-parinaric acid useful 
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for determination of the surface hydrophobicity is simple and quicker than 
chromatography. Kato and Nakai (1980) examined the use of cis-parinaric acid as a 
probe to determine the effective hydrophobicity that correlated. Kato and Nakai (1980) 
further highlighted that for measuring functional properties of food proteins, surface 
hydrophobicity alone cannot explain their mechanism.  After heating proteins more 
hydrophobic groups are exposed and their measurement correlates with gelation.  
 
 
Figure 2.3 The gradient slope of tilapia gelatin 
 TG: y= 3E + 06X 
 
The gradient (slope) is the value of X is 300,0000. 
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Figure 2.4 The gradient slope of BSA. 
 BSA: y= 5E + 06 X 
 
2.4 Conclusions 
 
 The method of extraction of gelatin used for Tilapia fish skin was successful in 
producing gelatin with a reasonable yield. 
 
 The extracted gelatin had good quality with high gel strength, high protein 
content and a low content of fat, ash and moisture.  
 
 Gelatin from fish skin of tilapia can provide an alternative source of gelatin to 
mammalian gelatins as it possesses good physio-chemical and gel strength 
(Bloom value) characteristics.  
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Chapter 3.THE RHEOLOGICAL AND THERMAL  
PROPERTIES OF FISH SKIN GELATIN 
3.1 Introduction 
 
The rheological and thermal properties of gelatin from the skins of Tilapia fish species 
(Oreochromis niloticus) have been studied and compared with those of commercial 
gelatins.  Rheology is the study of the flow of liquids and soft solid matter under 
conditions in which they flow rather than deform elastically. Gelatin’s rheological 
properties which are important for foods are its elasticity (solid) and viscosity (liquid) 
(Burey et al., 2009). Rheological measurement can be used to assess gelatin for its 
gelling and melting characteristics as gelatin is thermoreversible. Two advantages of 
using rheological measurements to assess gelatin quality over other forms of 
assessment are its practicality and its capacity to produce highly reproducible results 
(Bot et al., 1996). Researchers can discriminate the gelatin gels according to their 
strength and elasticity within the rheology properties by using a range of tests to 
determine gelatin quality such as temperature sweep test, frequency sweep, time 
sweep, stress sweep and strain sweep (Boran and Regenstein, 2010). For a gelatin 
sample, the storage modulus (G’) is a measure of the elastic component and loss 
modulus (G’’) is the viscous component. 
Many studies have been conducted to measure the rheology of gelatin. The 
temperature sweep test has been used in various ways such as to determine the 
melting and gelling temperature of gelatin gels (Chiou et al., 2006) and to distinguish 
the melting temperatures of gelatin gels from different origins (Zhou et al., 2006).  The 
frequency sweep test has been used to determine if the gelatin gels change with the 
changing frequency of the stress applied. Frequency sweep is an important test for 
gelatin’s product behavior, application and end use characteristics such as storage 
stability. The viscoelastic properties is determined as a function of timescale. Gelatin’s 
melting point and rubbery-elasticity can be measured at different temperatures 
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The gelatin is considered a strong gel if frequency has virtually had no effect 
(Boran et al., 2010). For example, frequency dependence is due to an entanglement 
network, whereas frequency independence is defined by a covalent strong gel (Clark 
and Ross-Murphy, 1987). In a given frequency range, the gel network with higher 
stability is indicated by G’ increasing linearly with frequency test. A good gel network is 
indicated by lower tan delta values (Hudson et al., 2000). 
In terms of thermodynamic properties of gelatin, Differential Scanning 
Calorimeter (DSC) is used to determine the thermal denaturation of the tested gelatin 
gel. The protein network heat stability is assessed by means of measuring the 
temperature and heat flow. This is linked with materials transitions as a function of time 
and temperature. Collagen undergoes thermal alteration as well as physical and and 
chemical degradation to become gelatin when the triple helix structure is altered into 
random coils (Bigi et al., 2004).  
The enthalphy change (∆ H) is the total energy needed for protein denaturation 
and is measured by integrating the endothermic peak (Tm) (Badii and Howell, 2006). 
This peak is chosen as the melting temperature of gelatin gels and the reading is then 
recorded. Furthermore, the endothermic peak of a DSC thermogram can be used to 
estimate the maximum transition temperature and the resultant area under the 
endothermic peak which gives the transition enthalpy (Jongjareonrak et al., 2010). The 
transition temperature is correlated to imino acids content, which exhibits a linear 
dependence with collagen thermostability; the high content results in a high transition 
temperature (Josse and Harrington, 1964). A study by Privalov and Tiktopulo (1970) 
showed that the increase in Tm can be due either to the transitional enthalpy increase 
as well as increasing imino acid content causing a decrease in the transitional entropy.  
The rheological tests which were performed in this study were temperature 
sweep and frequency sweep for investigating the effect of concentration on gelling and 
melting properties of different gelatin samples (extracted tilapia gelatin), compared 
them to commercial tilapia and cold water fish gelatins. DSC analysis was also 
performed to study the thermodynamic properties of all gelatin samples.   
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3.2 Material and Methods 
 
3.2.1 Materials 
 
Fish skin gelatin was prepared according to Section 2.2.2.1. 
 Commercial mammalian gelatin: bovine skin Type B Approx. 225 Bloom and 
porcine gelatin Type A Approx. 300 Bloom  (Sigma Aldrich, UK) 
 Commercial fish gelatins: tilapia gelatin (Custom Collagen, US) and Cold water 
Fish skin Teleostean Type A  (Sigma Aldrich, UK) 
 
3.2.2 Methods 
 
3.2.2.1 Rheological properties of gelatin gels by small deformation testing 
 
Small deformation rheological analysis of tilapia skin gelatin at different concentrations 
(3,5,10 % (w/v) in distilled water) were undertaken on a Rheometrics (Leatherhead, 
Surrey, UK) controlled stress 200 rheometer using 40 mm parallel plate geometry with 
a 0.3 mm gap, and a temperature sweep. The sample was applied onto the plate with 
silicone oil (Sigma cat. no 175633 ‘silicone oil high temperature) on the sample’s outer 
area to prevent evaporation during heating.  
Gelatin samples were cooled from 40 to 15.0 °C and heated back to 40 °C both at a 
rate of 0.2 °C per min. on a peltier plate. Changes in the elastic or storage modulus 
(G′), loss modulus (G″) and G′/G″ cross-over temperature were recorded. Triplicate 
experiments were conducted for gelatin at each concentration level. 
 
3.2.2.1.1 Temperature sweeps 
 
A rheological test of dynamic temperature sweep was used to determine the 
gelation and gelling/ melting temperature of the gelatin samples. The stress (0.1 Pa) 
and frequency (1 rad/s) were set. For gelation purpose, the sample was initially 
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maintained on a Peltier plate at a temperature of 40 °C for 10 min to allow for 
equilibration. Gelatin samples were then cooled from 40 °C to 15°C and heated back 
to 40 °C both at a scanning rate of 2°C/min. The gelation temperature was considered 
be the temperature at which the elastic modulus value began to increase dramatically.  
The determination of the melting temperature followed the gelation test. After cooling, 
the temperature was raised back to 40°C. Gelatin melted when the elastic or storage 
modulus (G') began to decrease and loss modulus (G’’) increased. The recorded 
changes in the G' and G’’ were determined as a function of temperature.  
 
3.2.2.1.2 Frequency sweeps  
 
A dynamic frequency sweep was performed at 10 °C to characterize the cross-linking 
behaviour of the gelatin. Stress was held at 0.1 Pa and with frequency ranging from 
0.1 to 1.0 rad/s. All tests were performed within the identified linear viscoelastic region 
at 10 °C. Storage or elastic (G') and loss modulus (G’’) were obtained as a function of 
frequency. 3, 5 and 10 % (w/v) concentration were measured for samples in triplicate. 
The loss tangent is defined as the ratio of the loss modulus to the storage modulus. 
Tan delta which is equal to G”/G’ gives a measure of the viscous portion to the elastic 
portion (Shenoy, 1996). 
3.2.2.2 Differential scanning calorimetry (DSC) measurements 
 
Thermal properties of gelatin at different concentrations were investigated using a 
differential scanning calorimeter (DSC) VII calorimeter (Setaram, Lyon, France). 
Samples and reference (distilled water) as of approximately 600 mg each were 
weighed using a precision balance, Fisher Scientific Analytical Series, Fisher Scientific 
UK., in aluminium containers and screw-top lids. Samples were scanned from 8 to 90°C 
and cooled back to 8°C at a heating rate of 0.5 °C/min. 3, 5, and 10 % (w/v) 
concentration of samples were measured.  
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The thermoreversibility of gelatin alone or in the mixture was examined by 
immediately heating the sample after cooling (second cycle). The transition 
temperature (Tm) reached when half of the gelatin was denatured and was measured 
as the tip of the peak. The enthalpy change (∆H) which is the total energy required for 
denaturing the protein, was measured by integrating the area under the peak (Setaram 
DSC handbook and setsoft software) and showed the melting temperature of gelatin 
gels and DSC analysis was performed in triplicate.  
3.3 Results and discussion 
 
3.3.1 Rheological properties of gelatin gels by small deformation testing 
 
 3.3.1.1 Temperature sweeps 
 
Table 3.1 Comparison between skins of fish, bovine and porcine gelatin on melting and gelling 
temperature, and the maximum values of elastic (G’) and loss (G’’) modulus. 
Gelatin % 
(w/v) 
Gelling 
Temperature 
(°C) 
Melting 
Temperature 
(°C) 
Maximum value after 
cooling 
 G’ (Pa) G’’ (Pa) 
3% tilapia 
gelatin 
No gelling 
temperature 
- 1.4 0.5 
5% tilapia 
gelatin 
22.0 + 0.4 
 
17.0 + 0.4 
 
134.7 14.9 
10% tilapia 26.0 + 0.2  20.0 + 0  
 
1612.2 719.6 
10% bovine 
gelatin 
25.6 + 0.3 19.6 + 0.2 
 
2223 865 
10% porcine 
gelatin 
28.6 + 0.4 18.2 + 0.1 
 
 
3740 2117 
10% fish 
gelatin 
No gelling - 0.0 0.1 
Each value is expressed as mean ± D (n=3) of triplicate measurements 
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Figure 3.1 Viscoelastic properties upon cooling and heating of gelatin preparations. Changes 
in G’ and G’’ values of tilapia gelatin 10 (%) during cooling from 40 to 15°C and subsequent 
heating from 15 to 40°C. 
 
A temperature sweep was used to study the gelation behavior as well as to 
determine the gelling and melting temperatures of tilapia gelatin at concentrations of 
3%, 5% and 10% (w/v) as presented in Table 3.1. The maximum values of elastic (G’) 
and loss (G’’) modulus for  3,5, and 10% tilapia gelatin were 1, 135 and 720 Pa 
respectively whereas 10% bovine and 10% porcine commercial gelatins of were 2223 
and 3740 Pa respectively. The results show that the extracted gelatin was a good 
gelling agent although not as high as mammalian or chicken skin gelatin (Sarbon, 
2013). In comparison, chicken skin gelatin exhibited higher viscous and elastic 
modulus values compared to bovine gelatin for a range of concentrations and 
frequencies. 
However tilapia gelatin compared well with other fish gelatins e.g. sin croaker (G’, 
G’’ values (44 Pa, 3.9 Pa) and shortfin scad (118 Pa, 3.1 Pa) respectively, which were 
lower than bovine gelatin (G’ of 2160 Pa, G’’ 15.2 Pa) (Cheow et al., 2007) and was 
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better than the cold-water cod or salmon fish gelatin which did not gel. G’ values 
increased during cooling to 10oC. As the gel network was formed, the rate of increase 
of G’ with time decreased significantly (Fonkwe et al., 2003). During heating, the 
thermoreversible gelatin gel melted and G’ decreased sharply. Typically, melting 
occurs earlier at low concentrations rather than at higher concentrations. The rate of 
cooling affects helix formation. Slow rates form more ordered (helical) structure than 
fast cooling rates (Ledward, 1986).   
The sol-gel transition of gelatin gel could be observed from the gelatins behavior. 
The gelatin gelling temperature is close to the sol-gel transition when the G’/G’’ 
crossover occurred on cooling (Ross-Murphy, 1991; (Gudmundsson, 2002). This was 
when the G’ value was higher than the G’’ value. For 3% gelatin was at G’ (0.7 Pa) and 
G'' (0.5 Pa), 5% was at G’ (1.0 Pa) and G'' (0.7 Pa) and highest 10% level was at G’ 
(16.0 Pa) and G’’ (8.6 Pa). There was an increase in the G’ values as the concentration 
of gelatin was increased. Gelation of gelatin occurred at moduli G’ and G’’ upon cooling 
to 15°C from 40°C, when gelatin was dispersed in water as random coils.  The study 
showed that concentration affected gelling temperature and time. 
Both the gelling temperature and melting temperatures showed an increase with 
the increase of gelatin concentration. Gelatin (3%) did not gel. For 5 % and 10 % gelatin 
(w/v) the gelling temperature, i.e., gel formation (G’/G’’ crossover point) values were 
22.0 + 0.4 °C and 26.0 + 0.2 °C respectively and significantly different (p<0.05). The 
melting temperature was 17.0° + 0.4oC for 5 % gelatin and 20.0 + 0 °C for 10 % gelatin 
(Table 3.1).  
The lower melting point the tilapia gelatin compared porcine gelatin may be due to the 
lower content of imino acids (proline and hydroxyproline) in tilapia gelatin; this was 
similar to results obtained for rohu fish skin gelatin (Cheow et al., 2007). The melting 
temperatures of gelatin gels correspond to the energy absorbed to achieve the helix-
to-coil (sol-gel) conformation through melting of the junction zones. The junction zones 
are accountable for gelatin’s rigidity by means of hydrogen bonding which stabilizes 
the triple-helix structure. (Badii and Howell, 2006) reported that the high gelling and 
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melting temperatures of gelatin are governed by the imino acid content, which can 
cause a stiffer gel.  
Alfaro et al., (2013) found the melting and gelling point of tilapia skin gelatin was 
25°C and 21°C respectively which concur with the present results. At close to 25°, G’ 
(elasticity) increment was observed in relation to G’’ (viscosity) which indicated the 
beginning of the gelling process. At around 21°C, the intersection of the G’ and G’’ 
occurred. Melting and gelling temperatures of tilapia skin gelatin were 18.7 °C and 28.4 
°C respectively at 3 % (w/w), 21.1°C and 29.2°C respectively at 5% (w/w) and 22.2 °C 
and 29.8 °C at 6.67 % (w/w) (Bai et al., 2016). 
Other authors gelatins gelling and melting temperatures respectively are for 
catfish (22 °C) and (25 °C) (Liu et al., 2008); Alaska Pollock fish (11.9 °C) and (21.2 
°C); pork skin (27 °C) and (29 °C) (Zhou et al., 2006) and cattle hide (24.7 °C) and 
(32.3°C) (Gudmundsson, 2002). The melting temperatures for other skin gelatins of 
porcine (32.2 °C), catla (22.1°C), mrigal (23.7°C) and rohu (17.1 °C) (Chandra and 
Shamasundar, 2014).  
Further reported values of other authors included chicken gelatin and bovine 
gelatin had a melting temperature of 33.6°C and 31.6°C respectively (Sarbon, 2013). 
The melting temperatures of bovine gelatin was lower at 28.8°C,  shortfin scad (23.8°C) 
and sin croaker (17.7°C) (Cheow et al., 2007), horse mackerel (15.3°C) (Badii and 
Howell, 2003); Cod (13.8°C), hake (14°C) (Gomez, 2002). Also, the melting 
temperature and gelling temperatures of silver carp skin gelatin were 27.1°C and 
18.7°C respectively, pigskin gelatin had 32.3°C and 25.4°C respectively, bone (beef) 
gelatin had 31.4°C and 24.1°C respectively, chicken gelatin had 31.6°C and 25.0°C 
respectively. Therefore, the tilapia gelatin at 10% (w/v) in distilled water in the present 
study had good gelling temperature and melting temperatures which fell within the 
literature range and were similar to the commercial bovine and porcine gelatins. 
3.3.1.2 Frequency sweeps 
  
99 
 
Frequency sweep results of tilapia gelatin were compared with commercial 
tilapia gelatin as well as commercial cold water fish gelatin (Fig 3.5-3.6) between 0 to 
100 rad/s at 10°C and a stress of 0.1 Pa. Tilapia gelatin gels at concentrations of 3, 5 
and 10% (w/v) exhibited no frequency dependence of G’, which depicts that the gel 
formed was strong and stable (Fig 3.4), similar to those of mammalian gelatin.  The G’ 
values of tilapia gelatin increased as the concentration of gelatin increased from 3%, 
5% and 10%, starting at just below 100 to almost 8000 Pa. Tilapia gelatin gelation 
increased linearly and this trend was similar to those reported by other studies (Boran 
et al., 2010) where the G’ values of fish gelatin gels ranged from about  2000 - 8000 
Pa. The G’ values of 3% - 10% (w/v) commercial tilapia gelatin ranged from about 500 
- 7000 Pa. 
Increasing the protein concentration led to an increased G’ as more energy from 
the gelatin was stored in the gel with a greater amount of  intermolecular cross-links 
including amine groups, forming a strong structure (Comfort and Howell, 2002), (Chiou 
et al., 2006). In contrast, the G’ was below G’’ values for all concentration levels of cold 
water fish gelatin, and 10% (w/v) gelatin tan_delta was more linear than 3% and 5% 
solutions due to poor gelling properties. The lower tan δ values obtained in this study 
during a frequency sweep for extracted and commercial tilapia gelatin indicated a good 
gel network (Hudson et al., 2000). Therefore, the tilapia gelatin gel was highly stable in 
the frequency range 0-100 rad/sec; this is a useful property in the processing and 
transport of gelatin products.  
 
3.3.1.2.1 Effect of concentration on frequency sweeps 
 
The extracted tilapia gelatin was compared with commercial tilapia gelatin as well as 
commercial cold water fish gelatin. However, the frequency sweep of cold water fish 
gelatin (Appendix 3.1) exhibited many negative data, due to the gelatin not being able 
to form a gel.  
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Figure 3. 2 The G' (elastic modulus) for frequency sweep (0-100 rad/s) for 3,5 and 10% (w/v) 
tilapia gelatin at 10°C and stress at 0.1 Pa. 
 
 
Figure 3.3 The G’ and G’’ for frequency sweep (0-100 rad/s) for 3, 5 and 10% (w/v) tilapia 
gelatin at 10°C and stress at 0.1 Pa. 
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Figure 3.4 The G’ (elastic modulus) and G’’ (loss modulus) for frequency sweep (0-100 rad/s) 
for 3,5 and 10% (w/v) commercial tilapia gelatin at 10°C and stress at 0.1 Pa.  
 
Figure 3.5 The tan_delta values of extracted tilapia gelatin at 3, 5, 10% (w/v)  
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Figure 3.6 The tan_delta values of commercial tilapia gelatin at 3,5,10% (w/v)  
 
The lower tan δ values obtained in this study during a frequency sweep is indicative of 
a good gel network (Hudson et al., 2000). The commercial tilapia gelatin’s tan δ values 
exhibited a very similar linear trend (Fig 3.6) to that of the extracted tilapia gelatin (Fig 
3.5). Therefore, the tilapia gelatin gel was highly stable in the frequency range tested.  
 
3.3.2 Differential scanning calorimetry (DSC) measurements 
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Table 3.2 The denaturation temperature and enthalpy value of 5%, 6.67% and 10 % (w/v) 
tilapia gelatin in distilled water 
Gelatin 
concentration (%) 
Tm (°C) Enthalpy ∆H 
(J/g) 
5% Cycle 1 
 
21.5 0.73 
5% Cycle 2  20.3 0.76 
6.67% Cycle 1 21.3 2.88 
6.67% Cycle 2 19.5 1.58 
10% Cycle 1 22.7 2.51 
10% Cycle 2 20.0 2.27 
 
 
Table 3.3 DSC results of commercial fish and mammalian gelatins at 10% (w/v) concentration 
Gelatin 
concentration (%) 
Tm (°C) Enthalpy ∆H 
(J/g) 
Tilapia gelatin  22.1 0.74 
Bovine gelatin 26.2 0.58 
Porcine gelatin 30.7 0.45 
Cold water fish 
gelatin 
- - 
 
 
Figure 3.7 DSC thermogram of denaturation for tilapia gelatin and commercial gelatins at 
10% (w/v) concentration in distilled water after heated from 10 to 90°C.  
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Figure 3.8 DSC thermogram of tilapia gelatin at 5% (w/v) concentration in distilled water after 
heated from 10°C to 90°C.  
 
 
Figure 3.9  DSC thermogram of tilapia gelatin at 6.67% (w/v) concentration in distilled water 
after heated from 10°C to 90°C.  
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Figure 3.10  DSC thermogram of tilapia gelatin at 10% (w/v) concentration in distilled water 
after heating from 10°C to 90°C.  
Table 3.2 shows results for both heating cycles of 5, 6.67 and 10% (w/v) 
extracted tilapia gelatin. The Tm values of all concentrations had a decreased trend 
between cycle 1 and cycle 2. For example the Tm of 6.67% (w/v) gelatin, which was the 
concentration used for the gelatin gel strength standard test (Bloom value) was at 21.3 
°C which decreased to at 19.5 °C in cycle 2. In Figures 3.8 to 3.10, the peak appeared 
at each scanned cycle during heating and cooling respectively due to the gelatin’s 
thermoreversible gel behavior. The maximum point of the endothermic peak was taken 
as the melting temperature. The reversible peak showed minor changes in thermal 
denaturation (Tm) from 20.3 to 22.1°C and enthalpy change (∆H) at 0.76 J/g to 0.75 J/g 
on a second scan of the gelatin sample.  
Table 3.3 and Fig. 3.7 represent the transition temperature, Tm (°C), and the 
enthalpy, H (J/g) values for the commercial fish (tilapia and cold water), bovine and 
porcine gelatins at 10 % (w/v) concentration. The extracted tilapia gelatin (10 % w/v) 
had a very similar melting temperature (22.7°C) to the commercial tilapia gelatin (22.1 
°C), which is very good. The cold water fish gelatin, on the other hand, demonstrated 
a decreasing slope after 15 °C onwards (Appendix 3.2). This was probably due to the 
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denatured state of the gelatin. Hence, cold water fish gelatin demonstrated the weakest 
gel stability and the readings for the melting temperature and enthalpy could not be 
obtained.  
The porcine and bovine mammalian gelatins showed higher melting 
temperatures but lower enthalpy values compared with the tilapia gelatins. The melting 
temperature of bovine sample was significantly lower (26.0 °C) (p<0.05) than that of 
porcine gelatin, which had Tm of 30.7°C, a narrow melting endothermic peak (Fig 3.7). 
The lower melting temperature (Tm) of bovine gelatin gel showed that the structural 
stability of bovine gelatin was weaker than that of the porcine gelatin. This is in line with 
results published by (Sarbon et al., 2015)  for the same concentration of 10% and type 
of gelatin, the Tm was reported to be around 27.6°C, with a lower enthalpy of 0.75 J/g. 
The lower melting temperature indicates that there was a  structure difference of tilapia 
gelatin compared with  bovine and porcine gelatins that was due to a lower content of 
imino acids and hydrophobic amino acids (Badii and Howell, 2006). In terms of enthalpy 
values, the tilapia gelatins had higher ∆H values for extracted gelatin (2.51 J/g) 
compared with commercial gelatin (0.74 J/g) whereas bovine gelatin (0.58 J/g) and 
porcine gelatin (0.45 J/g) were lower. The low values indicate denaturation of proteins. 
The higher enthalpy values reflect the stability of the bovine gelatin collagen structure 
in as more energy is required to break hydrogen bonds that lead to helix coil transitions 
and separation of polypeptide chains of collagen in the denaturation process.  
Similarly, samples of horse mackerel gelatin solutions studied by (Badii and 
Howell, 2006) were heat reversible with minor changes in Tm and ΔH on a second scan 
of each gelatin sample confirming that gelatin also underwent the helix-coil structural 
transition. Badii and Howell (2006) found that the Tm of the gelatin solutions 3, 5, 7 and 
10% (w/w) were  14.71, 14.73, 15.09 and 15.02°C in distilled water which were not 
significantly different (P>0.05) but enthalpy change (ΔH) values were significantly 
different (P<0.05) at 0.33, 0.73, 1.11 and 1.49 J/g respectively. Furthermore, the Tm 
was only slightly affected by the gelatin concentration. 
The low enthalpy values can indicate that the gelatin was more denatured. The 
melting temperature of both porcine and bovine gelatin was higher than fish gelatin. Tm 
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of gelatin gels for bovine, shortfin scad and sin croaker were 28.89°C, 24.57°C and 
18.51°C respectively (Cheow at al., 2007), Nile perch was (21.4°C) (Muyonga et al., 
2004) and cod (13.8°C) (Gómez-Guillén et al., 2002).  According to (Gilsenan and 
Ross-Murphy, 2000), the low melting temperature means that there are a small the 
number of helical structures present, leading to lower enthalpy change values. Also, 
the molecular weight of gelatin gels plays a role as a low molecular weight can make 
gels melt at a lower temperature. Therefore, for a lower molecular weight gelatin, a 
greater the number of crosslinks per unit volume (high protein concentration) are 
needed to form a gel. 
 
3.3.2.1 Effect of concentration on denaturation temperature of gelatin gel 
 
Tm of tilapia gelatin (10%) had a lower denaturation temperature of 22.1°C whereas 
bovine gelatin (26.2°C) and porcine gelatin (30.7°C) were higher. The increase in 
gelatin concentration was observed to affect tilapia gelatin’s Tm. The denaturation 
temperatures of tilapia gelatin at 5% and 10% concentrations were 0.73 J/g and 1.02 
J/g respectively. For 10% commercial tilapia gelatin, the delta H value was lower than 
that for the extracted tilapia gelatin (0.75 J/g). Interestingly, the enthalpy change values 
of 10% extracted tilapia gelatin was higher at 2.51 J/g compared to both bovine (0.58 
J/g) and porcine (0.45 J/g) gelatins.  
Other gelatin gelling and melting temperatures respectively were catfish (22°C) 
and (25°C) (Liu et al., 2008); Alaska Pollock fish (11.9°C) and (21.2°C); pork skin 
(27°C) and (29°C) (Zhou et al., 2006) and cattle hide (24.7°C) and (32.3°C) 
(Gudmundsson, 2002). The melting temperatures for other skin gelatins of porcine 
(32.2°C), catla (22.1°C), mrigal (23.7°C) and rohu (17.1) (Chandra and Shamasundar, 
2014). Tm of gelatin gels for bovine, shortfin scad and sin croaker were 28.9°C, 24.6°C 
and 18.5°C respectively (Cheow at al., 2007), Nile perch (21.4°C) (Muyonga et al., 
2004) and Cod (13.8°C) (Gómez-Guillén et al., 2002). Therefore the results obtained 
for tilapia gelatin in this study have a similar Tm value compared to other warm water 
fish species  
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An increase in the Tm value suggest that the protein changes into a more 
compact conformation or associates to a complex structure with higher thermal stability 
(Badii and Howell, 2006).  DSC showed that the melting temperature of 6.67%, chicken 
skin gelatin (31.2°C) was higher than that of bovine gelatin (26.1°C), because bovine 
gelatin was less stable than chicken skin gelatin. 10% bovine gelatin had Tm of 27.6°C 
and ∆H of 0.75 J/g and chicken gelatin had a higher Tm  of 31.2°C and 0.88 J/g (Sarbon 
et al., 2015). The endothermic process of collageneous materials ruptured hydrogen 
bonds of the triple helix into a random coils (Tanioka et al., 1976);(Achet and He, 1995).  
 The stability of the collagen structure is influenced by the amino acids, 
specifically the imino acid content such as proline and hydroxyproline; they are 
accountable for gelatin’s rigidity by means of hydrogen bonding which stabilizes the 
triple-helix structure. The higher imino acid content caused more rigidity in the gelatin 
as well as higher melting and gelling temperatures (Badii and Howell, 2006). 
Table 3.3 compares the denaturation temperature (Tm) and enthalpy change 
(∆H) of tilapia gelatin and commercial bovine and porcine gelatins at 10 % (w/v). Tm of 
tilapia gelatin had a lower denaturation temperature of 22.7°C whereas bovine gelatin 
(26.0°C) and porcine gelatin (30.7°C) were higher. Interestingly, the enthalpy change 
values of 10% tilapia gelatin was higher at 2.51J/g compared to both bovine (1.48 J/g) 
and porcine (0.45 J/g) gelatins. 10% bovine gelatin had Tm of 27.6°C and ∆H of 0.75 
J/g and chicken gelatin had a higher Tm  of 31.2°C and 0.88 J/g  (Sarbon et al., 2015). 
The Tm of gelatin gels for bovine, shortfin scad and sin croaker were 28.89°C, 24.57°C 
and 18.51°C respectively (Cheow at al., 2007). An increase in the Tm value suggest 
that the protein changes into a more compact conformation or associates to a complex 
structure with higher thermal stability (Badii and Howell, 2006). 
The melting temperature of both porcine and bovine gelatin was higher than that 
of fish gelatin whereas the enthalpy values of mammalian gelatins were lower than 
tilapia gelatin, confirming that the commercial samples were more denatured. Tilapia 
gelatin DSC results showed a decrease in the Tm value from 22.7°C to 20.0°C after 
the second heating cycle, indicating a less stable structure after heating and cooling, 
although the gelatin showed a typical reversible transition (Fig 3.10). At 6.67% (w/v), 
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tilapia gelatin Tm value decreased from 21.3°C to 19.5°C (Fig 3.9). In comparison to 
the same concentration, chicken skin gelatin melting temperature (31.2°C) was 
significantly greater (p < 0.05) than that of bovine gelatin (26.1°C), indicating lower 
stability of bovine gelatin compared to chicken skin gelatin (Sarbon, 2013). 
Results showed that the enthalpy change values of the gelatin increased with respect 
to the concentration increase. The denaturation temperatures of tilapia gelatin at 5% 
and 10% concentrations were 0.73 J/g and 1.02 J/g respectively. 10% commercial 
tilapia gelatin Tm was lower than the extracted tilapia gelatin at 0.75 J/g.  
At high gelatin concentration, the junction zones are closer and high energy is needed 
to break hydrogen bonds for transitions. The denaturation temperature heat flow 
detected by DSC corresponded to the energy absorbed by gelatin gels to melt (Michon 
et al., 1997). 
 The stability of the collagen structure is influenced by the amino acids, 
specifically the imino acid content such as proline and hydroxyproline. They are 
accountable for gelatin’s rigidity by means of hydrogen bonding which stabilizes the 
triple-helix structure. The higher imino acid content causes more rigidity in the gelatin 
as well as higher melting and gelling temperatures (Badii and Howell, 2006). 
 
3.4. Conclusion   
 
 Small deformation rheology temperature sweep studies showed that an 
increase in concentration of gelatin resulted in an increase in the elastic gel 
modulus, indicating good gelling properties which were not as high as 
mammalian gelatin, but were better than cold water fish gelatin, which did not 
gel at all. 
 Frequency sweep: 3-10% (w/v in distilled water) concentrations of extracted 
Tilapia gelatin were stable over the frequency range 0-100 rad/sec which could 
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result in more stable products particularly during processing and the 
transportation of food products.   
 
 Increased concentrations of gelatin gave higher DSC thermal transition values 
and higher enthalpy change (∆H) on cooling and heating. 
 
 The melting temperature of both porcine and bovine gelatin was higher than 
extracted and commercial tilapia gelatin. 
 Tilapia gelatin, being a warm water fish gelatins, is closer in rheological 
properties to porcine or bovine gelatins than cold- water fish gelatins. Therefore 
tilapia gelatin can be a potential substitute for commercial gelatins in many 
applications without extensive modifications. 
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CHAPTER 4. THE EFFECT OF FISH SKIN GELATIN-WHEY 
PROTEINS INTERACTIONS ON RHEOLOGICAL AND 
THERMAL PROPERTIES 
 
4.1 Introduction 
 
Gelatin is a hydrocolloid that results from the denaturation of collagen with acid 
and/or alkali. Gelatin behaves uniquely due to its thermoreversible characteristic under 
heating and cooling, which is uncommon for other food proteins but is similar to some 
polysaccharide thickeners.  In solution, at a moderate temperature such as 40oC, 
gelatin chains are in a state of random coils; these associate back into triple helices of 
the parent structure and gel when the temperature decreases upon cooling to below 
30 oC (Joly-Duhamel et al., 2002).  
Whey is a valuable source of protein, which is obtained as a by-product of 
cheese manufacture. Whey proteins are widely used in the food industry for numerous 
food product applications which include gelation, and emulsion and foam stabilization, 
as well as excellent nutritional properties (Burrington, 1998; Huffman, 1996; De Wit, 
1998). The gelation of denatured proteins produce desirable characteristics for foods, 
for example, coagulation of cooked eggs, processed meats and some cheeses.  Whey 
proteins have also been used to replace egg proteins in foods as well as to improve 
gelling, as an important functional property in comminuted meat products (Zayas, 
2007). The addition of milk proteins to meat products like sausages and hams 
increases the water-holding and rheological properties. Proteins contribute to primary 
functional responses of water binding (protein‐water interaction), fat holding and 
emulsification (protein‐lipid interaction) and gelation (protein‐protein interaction) that 
play an important role in food processing (Acton et al., 1983).  
Protein-protein interaction studies have been well-established and have focused 
on understanding structure-function relationships; optimising product constituents; 
improving quality; cost reduction and new product applications (Howell, 1994). Howell 
(1994) identified three ways in which proteins can be characterised in terms of their 
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interaction or separation in mixtures. Synergistic behaviour or phase separation of 
protein mixtures provide interesting and technologically useful phenomena for product 
development. Synergistic interactions enhance properties over and above those of the 
individual protein used on its own. These synergistic interactions have been observed 
in egg albumen-plasma proteins mixtures (Howell and Lawrie, 1984) and whey-egg 
albumen mixtures (Ngarize et al., 2005) where these small globular proteins produced 
compatible gel structures. However, some proteins can aggregate due to electrostatic 
interactions, for example, between negatively charged α-lactalbumin and beta-
Iactoglobulin and positively charged lysozyme (Howell, 1994). 
The interactions of gelatin and milk protein were studied by Dickinson & Lopez 
(2001) and Pang et al. (2014). Dickinson & Lopez (2001) compared fish gelatin in oil-
in-water emulsions prepared with sodium caseinate and whey protein.  The rheology, 
texture and microstructure of gelatin gels with and without milk proteins was studied by 
Pang et al., (2014); they reported that gelatin interacted with casein but not whey 
protein.  
There is still a gap in our knowledge of the interactions of warm water fish gelatin 
with whey proteins. The aim of this study was to investigate the interaction between 
whey protein and tilapia gelatin mixtures in terms of rheological and thermal properties. 
The melting and gelling characteristics of the proteins in the mixed gel system were 
investigated by using large and small deformation rheology, and DSC, to evaluate the 
thermodynamic properties. Phase contrast microscopy was used to observe the gelatin 
and whey protein mixture gel micro-structure, and to identify the occurrence of 
synergistic interaction or phase separation.  
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4.2 Material and Methods  
 
4.2.1 Materials 
 
A commercial whey protein isolate (WPI) powder containing approximately 95% protein 
(Bipro) was purchased from Davisco Foods International Inc., USA.  
The gelatin sample was extracted from fish skin, with a bloom strength of 301 + 11.6 
as described in 2.2.2.2.  
The proximate analysis of the gelatin for protein, fat, moisture and ash content was 
determined as described in 2.2.2.3.1. 
All whey protein and gelatin solutions were prepared in distilled water.  
All chemicals and reagents used were of analytical grade, purchased from Sigma 
Aldrich UK.  
 
4.2.2 Methods 
 
4.2.2.1 Fish skin preparation 
 
 See 2.2.2.1 
 
4.2.2.2 Gelatin extraction 
  
 See 2.2.2.2 
 
4.2.2.3 Sample preparation 
 
 The whey protein isolate (WPI) powder and gelatin used were prepared 
separately in distilled water. WPI were dissolved by gentle stirring for 1 hour at room 
temperature (22 °C) whilst gelatin powder was dispersed in distilled water and allowed 
to swell before it was heated to 45 °C, i.e above the melting temperature. The individual 
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solutions of both materials were prepared at double strength of expected concentration 
before equal volumes were mixed together at 45 °C for 15 min to produce the final 
experimental samples. The mixed solutions were homogenous when at 40 °C. The 
mixed gels were prepared with a constant whey concentration of 10 % (w/w) and with 
a concentration range (3-10 % w/w) of gelatin. 
 
4.2.2.4 Rheological properties by small deformation test 
 
 4.2.2.4.1 Temperature sweeps 
 
Small deformation rheological analysis of different concentrations of tilapia skin gelatin 
(3,5,10 % (w/v) and 10% whey protein (w/v) in distilled water were undertaken on a 
Rheometrics (Leatherhead, Surrey, UK) controlled stress 200 rheometer using 40 mm 
parallel plate geometry with a 0.3 mm gap, and a temperature sweep. The sample was 
applied onto the plate with silicone oil (Sigma cat. no 175633 ‘silicone oil high 
temperature) on the outer edge of the sample to prevent evaporation during heating.  
A dynamic temperature sweep rheological test was used to determine the 
gelation and gelling/ melting temperature of the gelatin samples. The stress and 
frequency used were 1.0 Pa and 1.0 rad/s respectively. Gelatin samples were cooled 
on a peltier plate from were heated from 40 to 15.0 °C and heated back to 40 °C both 
at a rate of 0.2 °C per min. Whey protein and tilapia gelatin (TG) mixtures samples 
(3,5,10 % (w/v) were cooled on a Peltier plate from 90 °C to 20 °C and heated back to 
90°C both at a scanning rate of 2°C/min.  Changes in the elastic or storage modulus 
(G′) and loss modulus (G″) as well as the temperature at which G′/G″ cross-over were 
recorded. Triplicate experiments were conducted for each concentration level. 
Initially, higher concentration levels of 15% and 12.5% (w/v) of whey protein 
(WP) were used but were found to be too high so 10% (w/v) level was found to be more 
suitable to get the temperature sweep test results. 
 
116 
 
 4.2.2.4.2 Frequency sweeps 
 
A dynamic frequency sweep was performed at 10 °C to characterize the cross-linking 
behaviour of the gelatin. Stress was held at 0.1 Pa and with frequency ranging from 
0.1 to 1.0 rad/s. All tests were performed within the identified linear viscoelastic region 
at the temperature tested. Changes in elastic (G') and loss modulus (G’’) obtained as 
a function of frequency were recorded. Samples were tested including 10% whey (w/v) 
and mixtures of 10 % whey mixed with 3, 5 or 10 % (w/v) gelatin at in triplicate. 
 
4.2.2.4.3 Large deformation test 
 
The reference method used for the gel samples preparation was adopted from (Howell 
and Lawrie, 1984). TAX T2 Texture analyser (TA) settings were adopted from BS 757: 
1975 Methods for sampling and testing gelatin (physical and chemical methods). 
Protein samples (3, 5 and 10 % (w/w) gelatin with 10 % (w/w) whey were poured 
into stainless steel tubes (30 mm diameter and 50 mm length). The tubes were sealed 
tightly at one end and loosely at the top end (to allow air bubbles to escape), with rubber 
stoppers. The tubes containing samples were then heated in a water bath at 90 °C for 
30 min to denature the whey protein and promote aggregation and network formation. 
The tubes were then cooled on an ice bath using a tray filled with layer of ice and cold 
water and left at room temperature for 30 min to allow the WPI gel to age and set 
further, and allow the gelatin to gel. The tubes were stored overnight (17 h) at 4 °C prior 
to testing. 
The gels were cut to a length of 15 mm using a scalpel and placed centrally 
under the cylindrical plunger on the TA-XT2 texture analyzer (Stable Microsystem, 
Godalming, UK) at room temperature (22 oC). The texture analyser was first calibrated 
using a 5 kg load cell before the settings were set. The gels were compressed at 0.2 
mm/sec using a cylindrical plunger with a diameter of 35 mm and 0.5 radius cylinder 
(P/0.5R). The maximum force (g) required to compress the gel through 10 mm was 
recorded. The tests were undertaken in triplicate. 
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4.2.2.5 Differential scanning calorimetry (DSC) 
 
 The 3,5,10 % (w/v) gelatin solutions were prepared according to Section 3.2.2.2. 
and were combined with 10% WPI (w/w) to make mixtures of gelatin:whey in the ratio  
3:10. 5:10 and 10:10, before each sample was analysed on the DSC VII calorimeter 
(Setaram, Lyon, France). 
 
4.2.2.7 Phase contrast microscopy  
 
Phase contrast microscopy was used to study the structure of the gels as described by 
(Badii and Howell, 2006). An equal volume of gelatin (6, 10 or 20 % w/w in distilled 
water) and whey (20 % w/w in distilled water) were mixed. One drop of the mixture was 
placed on clean microscope slides and covered with a cover slip. The slides were 
heated over a boiling water bath and cooled to room temperature before viewing under 
the phase contrast microscope (Life Technologies EVOS FL Microscope, Fischer 
Scientific, UK). The micrographs were edited with ImageJ, a software program 
commonly used for scientific analysis. 
 
 
4.3 Results and Discussion 
 
4.3.1 Small deformation test by rheology 
 
4.3.1.1 Temperature sweep 
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Table 4.1 Comparison of elastic (G’) and viscous (G’’) values and gelling and melting 
temperatures of gelatin solutions at different concentrations, heated from 15 °C to 40 °C and 
then cooled to 15°C, obtained by small deformation rheology. 
Gelatin % 
(w/v) 
Gelling 
Temperature 
(°C) 
Melting 
Temperature 
(°C) 
Maximum value after 
cooling 
 G’ (Pa) G’’ (Pa) 
3% tilapia No gelling 
temperature 
- 1.4 0.5 
5% tilapia 22.0 + 0.4 
 
17.0 + 0.4 
 
134.7 14.9 
10% tilapia 26.0 + 0.2 
 
20.0 + 0 
 
1612.2 719.6 
Each value is expressed as mean ± SD (n=3) of triplicate measurements 
 
Table 4.2 Comparison of elastic (G’) and viscous (G’’) values and gelling and melting 
temperatures of gelatin and whey protein (WPI) mixtures at different concentrations, heated 
from 20°C to 90°C and then cooled to 20°C, obtained by small deformation rheology. 
Concentration 
(gelatin:WPI) 
(w/w) 
Gelling Temperature 
(°C) G’/G’’ cross over 
point 
Maximum value of 
G’ (Pa) after cooling 
to 20°C 
 
  G’ (Pa) G’’ (Pa) 
3:10 - 0.01 0.02 
5:10 88.9 + 2.8  597 242 
10:10  87.4 + 3.5  26974 14966 
0:10 80.3 + 2.4 6499 15803 
Each value is expressed as mean ± SD (n=3) of triplicate measurements 
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Figure 4.1 The temperature sweep from 20°C to 90°C and cooled back to 20°C of 10% (w/w) 
whey protein in distilled water.  
 
 
Figure 4.2 The temperature sweep of 10% (w/w) gelatin in distilled water during cooling from 
40°C to 15°C and subsequent heating from 15 to 40°C. 
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Figure 4.3. Temperature sweep of mixture 10% whey protein and 5% gelatin (w/w) mixture 
heated from 20°C to 90°C and cooled back to 20°C.  
 
In the gelatin-whey protein mixtures, the rheological properties of different 
concentrations of gelatin (3, 5 and 10% w/v) were affected by the addition of whey 
protein (10% w/v). The gelation of the gelatin (G’/G’’ crossover temperatures) 
increased with the addition of whey protein in the mixtures. This was seen for the gelling 
temperatures of the mixtures of 10% WPI with 5% (88.9°C)  and 10% (87.4°C)  gelatins 
were higher than WPI alone (80.3°C) (Table 4.2). This was probably due to the whey 
protein’s dominance in the mixtures. The 5:10 was not significantly higher (p>0.05) 
than 10:10 mixtures (gelatin: WPI) but WPI alone had a lower gelling temperature than 
both of the mixtures. 
The gelling temperature of gelatins alone at 5% (22.0 + 0.4°C) and 10% (26.0 + 0.2 
°C) were much lower (p< 0.05) than of their mixtures with WPI, except for the 10% WPI 
with 3% gelatin, which could not be obtained (Table 4.1). This suggests at the lowest 
3% gelatin, a weaker gel was formed since there was also no G’/G’’ crossover 
temperature found in its mixture with whey. Similar results was reported (Walkenström 
and Hermansson, 1994) for a mixed gel of whey protein and gelatin at a low 
concentration of gelatin (up to 2%) that behaved like whey protein isolate. However, by 
increasing the gelatin concentration in the mixture, the deviation between the mixed 
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gel and pure whey protein started to increase. Badii and Howell (2006) found the 
addition of 3% or more horse mackerel gelatin to 10% egg albumen had a synergistic 
effect enhanced G’ and G’’ values, indicating the usefulness of combining both 
proteins.  
As previously reported in Section 3.3.1.1, the maximum G’ values were 3% 
gelatin (1 Pa), 5% gelatin (135 Pa) and 10% gelatin (1612 Pa).  In comparison, with 
the mixtures, G’ values were higher for 10% WPI and 5% gelatin (597 Pa) and 10% 
WPI and 10% gelatin (26974 Pa), except for 10% WPI and 3% gelatin (0.01 Pa). This 
is in agreement with Walkenstorm and Hermansson (1994) as the G’ value of 10% 
whey protein was affected by both the concentration of gelatin in the mixture and 
cooling temperature from 90°C to 20°C.  
In this preliminary study, different levels of whey protein and gelatin such as 
12.5% WP with 1, 3, and 5% gelatin and 15% WP with 1%, 3%, 5% gelatin were 
previously attempted (Appendix 4.1) but 10% whey protein was found to give the best 
rheology scan results amongst them. The lowest level of 1% gelatin was also tried with 
10% WP. 
The gelation mechanism of whey protein starts with an initial denaturation step 
followed by interaction to form a gel matrix, which is similar to one of other globular 
proteins (Turgeon and Beaulieu, 2001). Protein structure, conformation, denaturation 
process and gel formation are affected by  environmental conditions such as pH, ionic 
strength and specific cations (Errington and Foegeding, 1998). Also, whey proteins 
formed more elastic gels mostly on heating to 90 °C. 
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4.3.1.2 Frequency sweeps 
 
 
Figure 4.4 The G’ and G’’ (Pa) values of frequency sweep for 10% WP  
 
 
 
Figure 4.5 The G’ (Pa) values of frequency sweep for 10% whey protein with 3,5 and 10% 
(w/v) tilapia gelatin mixtures. 
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Figure 4.6 The G’ and G’’ (Pa) values of frequency sweep for 10% WP and 10% gelatin 
mixture. 
 
 
Figure 4.7  The G’ and G’’ (Pa) values of frequency sweep for 10% whey protein mixed in the 
ratio 5:10 (tilapia gelatin:WPI) 
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Figure 4.8 The G’ and G’’ (Pa) values of frequency sweep for 10% whey protein mixed in the 
ratio 5:10 (commercial gelatin:WPI) 
 
 
 
Figure 4.9 The G’ and G’’ (Pa) values of frequency sweep for 10% tilapia gelatin 
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compared for their frequency dependence. The frequency sweep of 10% WP + 5% 
gelatin (Fig 4.7) exhibited a similar trend with the same concentration with commercial 
tilapia gelatin (Fig 4.8).  
Whey protein on its own did not form a stable gel at 10%, and therefore showed an 
erratic trend in the results. When combined with gelatin at 3 and 5%, the gel was stable; 
this showed that the gelatin contributed to the mixture’s gel stability. Therefore, the 
tilapia gelatin gel was highly stable in the frequency range. In addition, the G’ of all 
mixtures of the whey and gelatins as well as the lower tan δ values obtained in this 
study during a frequency sweep is indicative of a good gel network (Hudson et al., 
2000).   
Comfort and Howell (2002) found that the G’ of soya isolate was less frequency 
dependent at 90°C due to an increase in the stability of the structure occurred due to 
interaction between the constituent protein fractions and the formation of a network 
structure via hydrophobic associations.  
The frequency sweep of the WPI gel, recorded after one hour at 90°C, showed an 
unstable structure at relatively high G’ (~9x102 Pa) and could not withstand a two 
decade sweep of frequency. After subsequent cooling, however, a more integral matrix 
formed which was less dependent on frequency. Therefore, the structure became 
significantly more stable even though the G’ on cooling did not have a dramatic 
increase. 
 
4.3.1.3 Large deformation test 
 
Large deformation behavior of whey protein gels mixed with gelatin is presented in 
Table 4.3. 
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Table 4.3 Comparison of the large deformation gel strength values for whey and 
gelatin mixed in the ratio 3:10, 5:10 and 10:10. 
Concentration (gelatin/whey) Force (g) 
10:0  158.2 + 19.8 
3:10 66.9 + 7.7 
5:10  170.7 + 28.5 
10:10  544.9 + 37.1 
Each value is a mean of three replicate determinations and is reported with its standard 
deviation. 
 
 
 
a) 10% whey protein and 3% gelatin mixture 
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b) 10% whey protein and 5% gelatin mixture. 
Figure 4.10 The area and force of the texture analysis of a) 10% whey protein and 3% gelatin 
mixture, b) 10% whey protein and 5% gelatin mixture. 
 
In Table 4.3, tilapia gelatin 10 % (w/w) had a gel strength value of 158.2 + 19.8 
g on its own and was stronger when combined with 10% whey protein at 5% (170.7 + 
28.5 g) and 10% gelatin (544.9 + 37.1 g) except at 3% gelatin (66.9 + 7.7g). The best 
and highest gelling property was for the 10% WPI and 10% gelatin mixture which was 
significantly higher (p<0.05) than all the other mixtures. 
Sarbon (2015) reported that 10% (w/w) WP on its own did not form a gel and 
that chicken skin gelatin was essential for enhancing the gel strength of the mixtures 
by association between whey proteins and gelatin chains. A synergistic interaction and 
gelling properties enhancement was found in the mixture of 10% gelatin and 10% whey 
protein, having about 3 x greater (897 g) than 10% gelatin (241 g) alone.  
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Whey proteins form aggregates and gels that have a large pore size that 
contribute to a weak structure (Stading, Langton & Hermansson, 1993). Gelatin 
contains fine strands in its network which attributes to the gel strength. Therefore, an 
increase in gelatin concentration in the mixtures resulted in increased gel strength. The 
large deformation compression test can be used to study solid foods (Prentice, 1984). 
The discrepancies of big differences of standard deviations could be due to the known 
gel failure although carefully controlled replicate experiments are performed. This can 
be minimized by performing each experiment several times and for each sample at 
least five replicated were tested and the best gelled samples were used for the results. 
 
4.3.2 Differential scanning calorimetry (DSC) of gelatin and whey protein 
mixtures 
 
 The denaturation temperature and enthalpy change in the mixed protein 
systems were determined by DSC. DSC thermograms of the 10% (w/v) tilapia skin 
gelatin indicated a reversible gel as a single transition appeared in both the heating 
cycles 1 and 2, as previously reported in Section 3.3.2. Fig 3.10. DSC thermogram of 
tilapia gelatin at 10% (w/v) concentration in distilled water after heated from 10°C to 
90°C.  The tilapia gelatin of both extracted and commercial samples exhibited a 
denaturation temperature of about 22°C. 
Table 4.4 Denaturation temperature Tm (°C) values of different concentrations and 
ratios of gelatin and gelatin/whey mixture. 
Gelatin 
concentration 
(%) 
 
Tm (°C)  
Cycle 1 
WPI 
 
 
Without 
whey 
+ 10% whey 10% 
3% 28.0 67.2  
5%  24.2 68.8  
10% 24.6 68.2  
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Table 4.5 Enthalpy change (∆H) values of different concentrations of gelatin and gelatin/whey 
mixture. 
Gelatin 
concentration 
(%) 
 
Enthalpy (∆H) 
Cycle 1 
WPI 
 
 
Without 
whey 
+ 10% whey 10% 
3% 0.03 0.44  
5%  0.18 0.56  
10% 1.3 0.59  
 
The Tm of whey protein was 67.1°C and enthalpy was 0.42 J/g. The single 
endothermic peak produced by the whey protein (Fig 4.11) showed that the whey 
protein transition was not reversible as the protein was denatured. In comparison, 10% 
(w/v) gelatin (Fig 3.10) from Chapter 3, had a broad shoulder which indicated that 
gelatin melted over a wide temperature range due to the structural heterogeneity of 
gelatin. Globular whey protein upon heating to 90°C resulted in partial unfolding of the 
molecule into a molten globule followed by aggregation involving covalent and non-
covalent bonds to produce an irreversibly denatured protein (Comfort and Howell, 
2002).  
The addition of 10% WPI to gelatins on their own at 3% (28 °C), 5% (24.2°C) 
and 10% (24.6°C) increased their Tm to 67.2°C, 68.8°C and 68.2°C respectively. The 
enthalpy (∆H) values of gelatins increased when combined with the WPI: 3% gelatin 
(0.03 J/g), 10% WPI + 3% gelatin (0.44 J/g), 5 % gelatin (0.18 J/g) and 10% WPI + 5% 
gelatin (0.56), 10% gelatin (1.3 J/g) and 10% WPI + 10% gelatin (0.59). Also, the higher 
the gelatin concentration in the mixtures, the higher the enthalpy change value. The 
enthalpy change (the area under the peak between the curve and the baseline) 
provides information on the energy required to denature the proteins which is related 
to the concentration and the number of junction zones (Michon et al., 1997). Moreover, 
an increase in the ∆H values suggests that the protein changed into a more compact 
conformation or associated to form a complex structure with higher thermal stability 
(Badii and Howell, 2006) and an increased number and strength of the cross-linkages 
of the network microstructure (Jiang, Li, Chai and Leng, 2010).  
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The results of the greatest changes in enthalpy change value for egg albumen-
gelatin mixtures occurred in the decrease from 0.412 J/g to 0.38, 0.36, 0.29 and 0.26 
in the presence of 3,5,7 and 10% gelatin in the egg albumen solution respectively. This 
confirmed the interaction between egg albumen proteins and gelatin observed by 
rheology and phase contrast microscopy reported by Badii and Howell (2006). 
 
 
Figure 4.11  DSC thermogram of whey protein at concentration of 10% (w/v) during 1st 
heating cycle. 
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Figure 4.12 DSC thermogram of gelatin/whey protein mixed in the ratio 3:10. 
 
 
 
Figure 4.13 DSC thermogram of gelatin/whey protein mixed in the ratio 5:10. 
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Figure 4.14 DSC thermogram of gelatin/whey protein mixed in the ratio 10:10. 
 
 
Figure 4.15 DSC thermogram of gelatin and whey protein mixtures at ratio gelatin:whey 3:10, 
5:10 and 10:10 in the first heating cycle. 
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4.3.4 Phase contrast microscopy  
 
 
 
          a 
 
b 
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d 
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f 
Figure 4.16 Phase contrast micrographs a) 10% whey b) 3% gelatin c) 10% gelatin d) 
gelatin:whey mixed in the ratio 3:10 e) gelatin:whey mixed in the ratio 5:10 and f) gelatin:whey 
mixed in the ratio 10:10 all in distilled water and heated to 90oC. Magnification x 40. 
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Additionally, phase contrast microscopy was carried out to help to understand the 
mechanism responsible for the gelatin and whey protein mixture’s micro-structure. 
Figure 4.16 shows the structure of whey protein on its own at 10% (w/w) in distilled 
water. Figures 4.16 b and c show the gel structure of tilapia skin gelatin on its own at 
3% and 10% (w/w) respectively and Figures 4.16 d –f , show the structures of gelatin 
mixed with 10% whey protein at 3:10, 5:10 and 10:10 ratios respectively. The gelatin 
on its own showed linear chains, a fine uniform and homogeneous network structure 
with very small particles whereas the whey protein structure was more irregular with 
larger aggregates. The increase in concentration of gelatin faintly showed some more 
networking due to the gel formed. The results from these figures observed under the 
EVOS phase contrast microscopy did not indicate major differences in the samples.  
In this study, the mixtures looked like a compatible network between the gelatins 
and whey protein and phase separation of the two proteins gelatin and whey was not 
identifiable. This is in contrast to (Sarbon et al., 2015) who observed an incompatible 
structure and phase separation of chicken skin gelatin and BiPro whey protein isolate. 
In their results, gelatin to whey at 3:10 ratio showed a uniform structure with small 
aggregates compared to those containing the higher concentrations of gelatin at 5:10 
and 10:10 which looked denser as gelatin concentration was increased. The whey 
protein was independent of the presence of gelatin. This meant that the network 
development for whey protein in the mixed gels was similar to that of a pure whey 
protein gel. Between them, the whey protein network was formed first, which acted like 
a mould to allow the gelatin to form a network in the pores (Walkenström and 
Hermansson, 1997). However, it is perhaps better to use an electron microscope to be 
able to make an improved visual examination of the view of the networks to further 
clarify in tilapia gelatin-whey protein for the possibility of a bi-continous network/ 
dominant phase. 
The phase contrast microscopy results of gelatin mixtures reported by other 
authors have different findings. (Badii and Howell, 2006) found synergistic egg 
albumen-gelatin interaction and a uniform gel network for horse mackerel gelatin at 3% 
with 10% egg albumen. The mixture had a uniform structure with smaller aggregates 
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than those of egg albumen proteins in isolation. Comfort and Howell (2002) reported 
phase separation of soya and whey proteins at 9 + 9% (w/w) which occurred at low 
magnification and phase inversion from a soya protein continuous system to a whey 
protein continuous system of 5:1 ratio. This was due to the whey protein network being 
formed first on heating and was expected to exhibit a greater degree of continuity, even 
if it was the minor component by weight (Manson and Sperling, 1979). In other words, 
this incompatibility may have been due to the differences in the molecular weight of the 
proteins. Somboon et al., (2014) found that in fish gelatin-agar mixtures that gelatin 
acted as the dominant continuous phase whilst the 1% agar was the dispersed phase. 
 This study confirms that gelatin from tilapia skin can be fully utilized to be used 
in combination with a good source of protein (whey) in order to enhance gelation 
properties and texture in both food and pharmaceutical applications. The microscopic 
structure of the gelatin-protein mixtures can be further optimised for potential novel 
development. 
 
4.4 Conclusions 
 
 The gel formation of gelatin was affected by the presence of whey proteins as 
the whey protein was the more dominant component of the whey-gelatin 
mixtures. 
 
 Small deformation rheology (temperature sweep) provided a useful way to 
assess the gelling properties of small amounts of gelatin as G’ values correlated 
well with gelatin concentration. The stability of the gelatin gels was attributed to 
the interaction of gelatin and whey proteins in the mixtures. The compatibility 
and interactions of gelatin-whey mixtures in model systems can potentially be 
exploited in dairy and meat products and novel future applications. 
 
 The gel strength of whey protein and gelatin mixtures were enhanced by gelatin 
in large deformation analysis. 
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 Tm and enthalpy change of gelatin/ whey protein mixtures were higher than for 
whey protein alone. 
 
 Phase contrast microscopy in this study was useful to show that in the gelatin-
whey structure, whey protein formed the continuous phase of the mixture. 
Further electron microscopy can be used to identify and conclude the network 
interaction between the two proteins.  
  
139 
 
 
 
 
 
CHAPTER 5 
 
  
140 
 
CHAPTER 5. PREPARATION OF FISH SKIN GELATIN 
HYDROLYSATES AND FOAMING PROPERTIES OF TILAPIA 
GELATIN AND ITS HYDROLYSATES 
5.1 Introduction  
 
  
Whilst several papers have undertaken research on fish as well as gelatin hydrolysates, 
there are no studies reported on the foaming properties of tilapia skin gelatin and its 
hydrolysates; therefore the present work represents a unique/ novel contribution to this 
field. There are gaps in our knowledge of the functional properties gelatin hydrolysates 
including foaming; the latter has been covered in section 1.8.2. 
Fish skin can be utilized by producing gelatin and hydrolyzing it into gelatin 
peptides to study the foaming properties such as foaming stability (FS) and foaming 
expansion (FE).  Besides fish skin, muscle, viscera, head, bone, frame and roe can be 
also be used to produce fish protein hydrolysates (FPH). Protein hydrolysis can take 
place either by chemical, biological or enzymatic methods. Enzymatic hydrolysis is the 
most common method used for effective recovery of hydrolysate (See et al., 2010). 
Enzymatically hydrolysed fish proteins can enhance proteins functions such as 
gelation, solubility, emulsification and foaming ability (Foh et al., 2011). These include 
food applications such as protein supplements, milk replacers, stabilizers in beverages 
and flavour enhancers in confectionary products (Kristinsson and Rasco, 2000). 
FPH with good nutritional properties such as composition, amino acid profile and 
antioxidant activities are reported to contribute to  essential nutrients and bioactive 
components used for various industrial applications (Chalamaiah et al., 2012). FPH, 
within a broad pH range, can be used in food formulas and additives to enhance food 
storage stability and emulsifying, foaming or dispersion activities in beverages 
,mayonnaise, salad dressings, creams, sausages, etc. (Halim et al., 2016).  Protein 
hydrolysates add value by using all of the fish and therefore boosts the price of fish in 
the market. 
 FPH are used in  fish and meat products, for example, the use of tilapia protein 
hydrolysis dip as an antioxidant agent in fish muscle (Dekkers et al., 2011). 
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Hydrolysates can potentially be used in seafood processing to effectively control 
spoilage such as lipid oxidation during storage, and to enhance flavour and nutritional 
value (Zeng et al., 2010).   Marine derived hydrolysates can be used as natural 
antioxidants to substitute synthetic ones, and are frequently used in the food industry 
to give high solubility, low viscosity and resistance to gel formation in fish products, 
frozen food and drink products (Kim, 2013). Furthermore, hydrolysates can be  used in 
the fisheries industry for aquaculture feeds (Kotzamanis et al., 2007). 
Previous work on gelatin other than fish gelatin includes foaming properties of 
mammalian sources such as porcine and bovine skin gelatin (Hafidz et al. 2011). 
Rawdkuen et al., (2013) studied the foaming properties of gelatin skins of farmed giant 
catfish, Nile tilapia and commercial beef skin gelatin at 1, 2 and 3% concentration 
levels. Foaming properties of proteins include foaming ability and stability of egg 
albumen with instant green tea (Wu et al., 2007), soya-whey mixtures (Comfort and 
Howell, 2002) and meat-soluble wheat protein mixtures (Comfort and Howell, 2003). 
The interaction of gelatin with proteins such as whey protein can result in either 
synergistic interaction or phase separation. Either way, the resultant effects of 
interaction can provide useful technological applications for food products. There are 
limited studies on the foaming properties of fish protein hydrolysates (Kristinsson et al., 
2000). Whey protein exhibited excellent foaming formation and stability compared with 
muscle protein hydrolysates of both shark and capelin fish (Shahidi et al., 1995) 
(Onodenalore and Shahidi, 1996).  
Gelatin is used in aerated food foams to set products such as whipped 
cheesecakes, marshmallows and fruit jellies. Whey proteins are also utilized as 
ingredients in various foods including meat, dairy and bakery products. Whey proteins, 
in particular β-lactoglobulin, are well characterised in terms of their roles in food 
products foam formation and stability. The gelling capacity of whey proteins is an 
important functional property for their utilization in meat products (Zayas, 1997) and 
this property is useful for stabilizing a foam network. Another ingredient that was 
chosen for study, Japanese green tea powder (matcha), is used in food products to 
improve their functional properties and is considered to provide health benefits by 
promoting antioxidant activity due to the presence of polyphenols (Wu et al., 2007). 
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Polyphenols interaction with food proteins leads to the formation of either soluble or 
insoluble complexes; therefore altering the functional properties of proteins 
(Staszewski et al., 2011). 
 As foaming can deliver novel texture and appearance in aerated foods that 
are appealing (Alleoni, 2006), gelatin can be combined with whey protein and green 
tea to enhance foaming applications. In this study, the aims were (i) to develop 
hydrolysates (TGH) from extracted tilapia gelatin and to investigate the foaming 
properties namely foam stability (FS) and foam expansion (FE) of gelatin skin 
hydrolysates and compare them to gelatin alone (ii) to observe any significant effect on 
foaming from the addition of whey protein and green tea to gelatin or TGH. 
 
5.2 Material and Methods 
 
5.2.1 Materials 
 
5.2.1.1 Gelatin hydrolysates 
 
 Tilapia gelatin  
 Protease from Bacillus licheniformis P4860, > 2.4 U/g (Alcalase), and sodium 
hydroxide from Sigma Aldrich, UK and hydrochloric acid from Fisher Scientific, 
UK.  
 
5.2.1.2 Foaming Test 
 
Tilapia gelatin, tilapia gelatin hydrolysate produced from Section 5.2.1.1, Bipro whey 
protein isolate (purchased from Davisco Foods International Inc., USA) and matcha 
green tea (Marukyu-Kayomaen brand, purchased from Japan Centre, London, UK) 
 
5.2.2  Methods 
 5.2.2.1 Fish skin preparation 
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Refer to Chapter 2.2.2.1. 
 
 5.2.2.2 Gelatin extraction 
 
Refer to Chapter 2.2.2.2. 
Soxhlet defatted fish skin was used for the gelatin extraction.  
 
 5.2.2.3 Hydrolysate preparation 
 
The method of hydrolysis used in this study, was adapted from Gimenez et al., (2009) 
and Aleman et al., (2011) who studied sole and squid skin gelatin hydrolysate and tuna 
and halibut skin gelatin respectively. The enzyme/substrate ratio used was 1:20 
alcalase to gelatin solution. The alcalase concentration 1% (v/v) was prepared by 
adding 1 ml Alcalase into 99 mL gelatin solution. Gelatin (freeze-dried) was dispersed 
in distilled water at the ratio of 1:20 (w/w) and the pH was adjusted to 8.0 using 1 M 
NaOH. The hydrolysis conditions were set to pH 8.0 at 50°C for 3 hours and the pH 
was maintained by continuously adding the NaOH solution to the reaction medium. The 
next stage after hydrolysis was enzyme inactivation at 90°C for 10 min before 
centrifuging at 2236 g for 30 min at 4°C (Galla et al., 2012). The clear supernatant was 
freeze-dried for 72 hours and stored at -80°C for subsequent foaming tests. 
 
 5.2.2.4 Foaming test  
 
Tilapia gelatin was prepared at 0.5% (w/v) concentration by dissolving freeze-dried 
gelatin in distilled water at 45°C for 15 min. Whey protein was prepared at 0.5% (w/v) 
concentration by dissolving in distilled water on a stirrer for 60 min. The whey protein 
powder was initially mixed by adding small amounts of water to make a paste. Gradual 
addition of water resulted in the production of a smooth solution, which was stirred on 
a magnetic stirrer to allow complete dissolution of the protein. Matcha green tea was 
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prepared to 0.3% (w/v) concentration by making into a solution with boiled hot water at 
75-85°C. The matcha was sifted and added to the hot water before dissolving it. The 
matcha solution was cooled and added to the tilapia gelatin solution to be mixed 
together.  
Foaming was undertaken for ten samples including the individual control 0.5% 
whey protein (WP) in distilled water. Tilapia gelatin (TG) (0.5%), 0.5% tilapia gelatin 
hydrolysate (TGH) and 0.3% green tea (GT) and mixtures of whey protein, gelatin, 
hydrolysate and green tea. There were a total of 10 types of samples prepared for the 
foaming test and one level of concentration was used for all solutions. The total amount 
of solution for each sample made up was 250 mL and the pH was recorded. The 
samples were added to a Hobart N-50G food mixer and whipped at the highest speed 
(591 rpm) for 5 min.   
After whipping, the prepared foam was immediately  transferred into a 2000 mL 
measuring cylinder, and both total foam volume and liquid drained (to the nearest 10 
mL) at time intervals of 0, 10, 20  and 30 min. were measured . In the case of foams 
that exceeded 2000 mL, the foam was transferred to a 5000 mL beaker and the liquid 
drained was transferred to a small measuring cylinder for measurement. These test 
were performed in triplicate at 22°C. The foaming expansion (FE) and foaming stability 
(FS) were then calculated for their mean by using the following equation by Howell and 
Taylor (1995): 
Foam Expansion (%) = [(Total volume – liquid drained at 0 min/250 mL] x 100 
Foam Stability (%) = [(250 mL- liquid drained)/250 mL x 100 
 
5.2.2.5 Statistical analysis  
 
All foaming experiments were done in triplicate (unless stated otherwise) and in three 
different experiments. Results were analysed using GraphPad Prism version 7.03. One 
way analysis of variance (ANOVA) was used to compare the means of the data and 
data were presented as mean ± standard error of mean (SEM). 
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5.3 Results and discussion 
 
5.3.1. Gelatin hydrolysis 
 
The hydrolysis of the extracted tilapia gelatin using alcalase enzyme was successful. 
The hydrolysates produced from the tilapia gelatin were light brown in colour and 
crystalline (Appendix 5.1). The hydrolysates were then used in the foaming test as a 
comparison with the extracted gelatin in which they were derived from. 
The method used in this study took a shorter hydrolysis time of 3 hours. A longer 
incubation time results in shorter peptide bonds. The objective was to carry out the 
minimum hydrolysis time of at least 3 hours to be able to produce the hydrolysates from 
the gelatin. Other authors (Aleman et al., 2011); (Gimenez et al., 2009); (Galla et al., 
2012); (Ghaly et al., 2013); (Tanuja et al., 2012); (Thiansilatakul et al., 2007); 
(Klompong et al., 2007) commonly use between 2 to 5 hour hydrolysis time. Also, the 
condition was kept alkaline at a constant pH of 8.0 throughout the hydrolysis process. 
The critical factors for the activity of enzyme are temperature, time, pH and 
enzyme/substrate ratio (Kim, 2013). The optimisation of these factors will affect the 
yield and antioxidant properties of peptides. The factors which contribute to the major 
properties of functional properties of hydrolysates are the molecular weight and 
hydrophobicity (Tanuja et al., 2012). This is reinforced by the Taheri et al. (2013) study 
that foaming properties of rainbow trout viscera and poultry by-products were mostly 
affected by the peptide structure and amino acid composition, net charge of molecules, 
distribution of this charge and hydrophobicity. 
The type of enzyme used in protein hydrolysis is crucial because it dictates the 
cleavage patterns of the peptide bonds (Kim, 2013). Alcalase, a commercial protease 
of microbial origin, was chosen for this study of hydrolysis of tilapia gelatin. According 
to Elavarasan et al. (2013), alcalase has a broad specificity toward native and 
denatured proteins, being a serine endoproteinase and is active under alkaline 
conditions. Ghaly et al. (2013) reported that alcalase has evidently been proven to be 
one of the best enzymes used to prepare fish protein hydrolysate. The result was fish 
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protein hydrolysate having better functional properties, a high protein content with an 
excellent nitrogen yield, an amino acid profile  comparable to that of muscle and a 
higher nutritional value than those produced by other enzymes such as Neutrase. 
(Leong, 2015) also reported that collagenase, elastane and particularly alcalase 
showed the greatest efficacy for the hydrolysis of salmon and Nile perch gelatin.  
 
5.3.1.1. Gelatin hydrolysates 
 
The gelatin hydrolysates were light yellow- brown in colour due to alcalasecolour during 
hydrolysis and had a compact texture after freeze-drying. This was in agreement with 
Foh et al., (2011) for tilapia fish protein hydrolysate which was reported to be light 
yellow as influenced by alcalase and the freeze-drying process to convert hydrolysates 
to powder form that is stable and easy to handle.  
A low yield is related to a low degree of hydrolysis and a typical yield of fish 
protein hydrolysates, as reported by Tanuja et al., (2012) ranged between 10-15%, 
based on fresh fish substrates. Ghaly et al., (2013) reported protein recoveries fromfish 
frames of Atlantic salmon treated with alcalase (67.6%) to be higher than Atlantic cod 
or compared to fish treated treated with pepsin (64%). Slizyte et al., (2005) found that 
during the initial stage of the inactivation hydrolysis of cod, the fish material’s 
composition was altered and enzymes (alcalase and lecitase ultra) got inactivated. As 
a result, the fish protein hydrolysate contained higher amount of lipids such as 
phospholipids and other polar lipids.  
The hydrolysis of gelatin was not carried out in triplicate due to time limitations 
and since hydrolysates did not produce a foam on its own during the foaming test, this 
was not tested further. Also, the concentration of gelatin hydrolysate selected for the 
foaming test was at one level (0.5%) (w/v) because the study was focused on observing 
if the hydrolysates were able to produce a foam, and not comparison of different 
concentrations, as a preliminary investigation. Gimenez et al., (2009) reported only 
slight differences in foam stability with increasing concentrations for sole and squid skin 
gelatin. Thiansilakul et al., (2007) similarly showed  slight differences of foaming 
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stability results for round scad fish protein hydrolysates (0.1%, 0.5% and 1%), with 3% 
level showing highest FS only within the first 10 min. 
 
5.3.2 Foaming properties  
 
5.3.2.1 Foaming effect of green tea ‘matcha’/whey protein on gelatin  
 
Table 5.1 The foaming stability (FS) % for foaming results of whey protein (WP), tilapia 
gelatin (TG) and green tea (GT) and their mixtures from 0 to 30 min. after whipping time. 
Time 
(min) 
WP TG  GT TG + 
WP 
TG + 
GT 
TGH 
+ WP 
TGH 
+ GT 
TG + 
WP + 
GT 
WP + 
GT 
TGH 
0 33% 100% 24% 100% 63% 80% 16% 100% 47% 0  
10 13% 39% 18% 64% 43% 25% 10% 77% 18% 0 
20 9% 27% 18% 41% 29% 15% 9% 56% 14% 0 
30 8% 18% 21% 34% 25% 11% 9% 47% 12% 0 
The results are the mean of three replicate samples. 
Legend for acronyms:  
TG- Tilapia gelatin  
TGH-  Tilapia gelatin hydrolysate 
WP- Whey protein 
GT- Green tea 
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Figure 5.1 The foam stability (FS) % of 0.5 % whey protein (WP), 0.5 % tilapia gelatin (TG), 
0.3 % green tea (GT) and their mixtures at 30 min (One-way ANOVA).  
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Figure 5.2 The foam expansion (FE) % of whey protein, tilapia gelatin, green tea at 0 min. 
after whipping time (One-way ANOVA). 
 
Table 5.2 The mean of foaming expansion (FE) % for foaming results of whey protein, tilapia 
gelatin and green tea and their mixtures at 0 min. after whipping time. 
Time 
(min) 
WP 
+ GT 
WP TG GT TG + 
GT 
TG + 
WP 
TGH 
+ WP 
TGH 
+ GT 
TGH TG + 
WP + 
GT 
0 200 172 800 64 284 800 656 69 0 648 
10 200 164 1200 64 280 920 880 76 0 536 
20 194 168 800 65 306 840 765 82 0 540 
30 198 168 933 64 290 853 767 76 0 575 
The results are the mean of three replicate samples. 
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Foam expansion 
At 0 min. after whipping, the foam expansion was compared. The highest foam 
expansion was produced by gelatin (933%), gelatin + whey protein (853%) and gelatin 
hydrolysate + whey protein (767%); these were not significantly different (p>0.05). This 
was followed by a mixture of gelatin + whey protein + green tea (575%) that was 
significantly lower (p< 0.05) (Table 5.2, Figure 5.2). 
The poorest FE was gelatin hydrolysate on its own as no foam was produced. This 
was followed by green tea on its own.  The presence of green tea did not enhance the 
foam expansion of whey protein or the gelatin hydrolysate (p>0.05); these samples had 
significantly lower FE than gelatin and whey protein mixtures described above. 
(p<0.05).  The concentration of matcha was selected to be at 0.3% (w/v) level due to 
the prior findings of Wu et al., (2007), who investigated the interaction of  0.25-0.4% 
(w/v) instant green with egg albumen, and found that above 0.5% green tea resulted in 
decreased foam expansion and stability of the egg white-green tea mixture. It is 
possible that other concentrations or different types of tea varieties may enhance the 
foaming of whey protein and gelatin hydrolysates; these aspects require further study.  
There was high foam volume when both gelatin and its hydrolysate were combined 
with whey protein. The mixture of hydrolysate and whey protein produced a high foam 
volume similar to that of thin liquid soap. Bubbles increased in size, became less 
compact and by 30 min, dissipated to almost non-existent form and leaving only the 
liquid drain. In contrast, the foam for gelatin + whey protein continued to stay at a high 
volume after 30 min and the foam produced was very thick, similar to that of shaving 
cream, with small compact air bubbles. The FE of gelatin was higher compared to whey 
protein alone (p<0.05), and was not significantly different from gelatin + whey protein 
combined (p>0.05).  
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Foam stability 
The results of foaming stability (FS) is shown in Table 5.1 (Figure 5.1).The stability of 
foam was measured at 30 min. after whipping time and calculated using the equation 
from Howell and Taylor (1995) as set out in section 5.2.2.4. For practical applications, 
it is important to ascertain how long the foam can stay stable; therefore the results of 
FS at 30 min. was plotted (Fig 5.1). The foam expansion (FE), on the other hand, is not 
as time- dependant as FS, and was measured at 0 min. (Fig 5.2).  
The concentrations of tilapia gelatin (0.5%), hydrolysate (0.5%), whey protein 
(0.5%) and green tea (0.3%) were tested at one concentration only due to time 
limitations. However these concentrations were used based on several previous 
studies (Wu et al 2007). The foam appearance and volume expansion were visually 
observed during the foaming test (Appendix 5.2). 
The foam stability of the individual tilapia gelatin, whey protein, green tea 
solutions and their mixtures were calculated. After 30 min. of whipping, the FS of 
mixtures of gelatin + whey protein + green tea was significantly higher at 47%, than 
gelatin + whey protein (34%) and gelatin + green tea (25%) (p<0.05).  Tilapia gelatin 
(TG) was significantly higher than that of whey protein alone (p<0.05) but the 
combination of whey protein with gelatin resulted in a significant increase (P<0.05) 
compared to WP or TG alone. Whey protein at FS of 8% was not as stable as the 
gelatin (18%) or green tea (21%). This is in contrast to Rouimi et al (2005) who reported 
that whey proteins formed very small air bubbles (average diameter of 15µm) and no 
coalescence and no drainage occurred during the first 24 hr. 
The gelatin hydrolysate did not make a foam at all and therefore the FS could not 
be calculated (0%). However, when combined with the whey protein, the FS was 
enhanced significantly (p<0.05), compared to whey protein on its own (11%). When 
gelatin hydrolysate was combined with green tea, the FS was 9% which was less than 
that of green tea on its own.  However, as mentioned above the most stable foam was 
produced by the mixture of tilapia gelatin, whey protein and green tea, although this 
combination did not give the highest expansion compared to whey and TG on their 
own. The improvement of FE and especially FS by tea polyphenols is due to protein-
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polyphenol binding that occurs by protein-polyphenol complexation as proposed by Wu 
et al., (2007); these authors found that EGCG, one type of green tea polyphenol, at 
optimal concentrations, appeared to interact with egg albumen proteins in order to 
stabilise the air-water interface. When green tea was above the 0.5 (w/v), the protein-
polyphenol complex reduced foam expansion and stability due to blocking of interaction 
groups on the protein. This mechanism is suggested as phenolic groups have the ability 
to bind simultaneously at any sites on the protein molecule. Non-covalent linkages 
which include mainly hydrogen bonding and hydrophobic interactions also exist in 
protein-polyphenol mixtures as the dissociation of their complexes can occur due to 
urea and detergents. The factors which affect the protein-polyphenol interactions 
include molecular size and structure, relative concentration, solvent composition, ionic 
strength, pH and presence of co-substrates such as polysaccharides. This was 
similarly observed by Yuksel et al., (2010) for green tea and reconstituted milk’s 
interactions. 
 Gelatin on its own (FS 18%) was not as stable as when it was combined with whey 
protein (FS 34%) suggesting that whey protein interacted with the fish gelatin to 
stabilise the foam. The mechanism of the gelatin and whey protein can be explained 
by the synergistic protein-protein interaction that were described by (Badii and Howell, 
2006). Devi et al., (2014) suggested that in a mixture of 5% gelatin + 5 or 10% WP 
showed an increase in G’ (elastic modulus) during cooling from 20 °C  to 5 °C. It was 
assumed low concentrations of whey protein first developed a low density network 
during heating, which allowed the gelatin molecules to form triple helical structures in 
its interstices (gap). Therefore, this is a possible explanation for the gelatin and whey 
protein mixture’s foam stability result. 
Wu et al., (2007) reported that protein-based foams formation have rapid diffusion 
of protein to the air/water interface to reduce surface tension, followed by partial 
unfolding of the protein. This results in the encapsulation of air bubbles by the 
association of cross-linked gelatin and whey protein molecules, leading to an 
intermolecular cohesive film with a certain degree of elasticity (Klompong et al., 2007). 
In this study whey proteins and gelatin stabilized the air bubbles at the air-water 
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interface by forming a viscous layer and forming a cohesive network around the air 
cells. Above their isoelectric points, pH 6, whey and gelatin proteins can also impart a 
negative charge at the interface resulting in repulsion between the air cells. If the 
electrostatic repulsion is greater that the van der Waals attractive forces, the bubbles 
stay apart, thus preventing coalescence into larger bubbles and finally collapse and 
foam breakdown (Howell, 1992). 
Another possible explanation could be due to the structure and bonding differences 
between whey protein and gelatin. Taherian et al., (2011) reported that a fish oil-in-
water beverage emulsion which was made up of whey protein (1%) and fish gelatin 
(10%) resulted in a superior physicochemical stability, as compared to the emulsions 
of individual proteins on their own. This may have been related to the whey protein 
isolate possessing a higher proportion of hydrophobic residues, short peptides and the 
open molecular structure as compared to fish gelatin and the interactions between the 
two proteins.  
The good foaming results of tilapia skin gelatin may have been influenced by the 
low temperature choice employed for gelatin extraction. Nagarajan et al., (2012) 
reported that for squid gelatin, higher extraction temperatures (50, 60, 70 and 80°C) 
resulted in lower foam expansion and foam stability than those extracted at lower 
temperature. Additionally, the tilapia gelatin had a good gel strength (Bloom value) of 
over 300 which attributed for the gelatin’s foam strength. 
 The whey protein-gelatin mixture can have potential food applications such as 
delivering functional ingredients into beverages, as reported by Taherian et al., (2011) 
that WPI-FG conjugate can be used as an effective emulsifier for formulating food 
emulsions under acidic conditions. 
Tilapia gelatin hydrolysates on their own did not give rise to a foam.  Similarly, it 
has been reported that the reduction of foam stability in naturally fermented sardinelle 
fish protein hydrolysates was due to microscopic peptides not strong enough to 
maintain stable foam. Additionally, Halim et al., (2016) reported that decreasing 
foaming properties was due to reduced peptide size. This means that if the peptides 
have low molecular weight, the molecule’s interface orientation is not well-ordered and 
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hence affect the foaming activity of hydrolysates. Foam stability of protein molecules 
forming continuous intermolecular polymers enveloping the air bubbles are important 
in creating foam’s intermolecular cohesiveness and elasticity (Femil et al., 2014). 
However, a study by Foh et al., (2011) on foaming properties of tilapia fish protein 
hydrolysate and the protein concentrate powders showed good foaming properties The 
foam stability values for fresh minced meat hydrolysate ranged from 125.5 to 38.2, hot 
water dip hydrolysate (124.53 to 37.25%).  
Although the explanation of small peptides being good foaming agents is generally 
accepted, this was not the case seen in this study with gelatin hydrolysates which did 
not foam at all. Therefore the composition of the peptides is also likely to be important 
as well as the optimum size.   
However in this study tilapia gelatin hydrolysates enhanced the foaming ability 
of whey proteins and could be used in mixtures in dairy, bakery or meat products. The 
gelatin protein hydrolysates can also be utilised as health-promoting functional food 
ingredients for example in parenteral feeding or protein enriched foods.  For the future, 
for commercialisation to large scale production, it is important to study the compatibility 
of the gelatin and its hydrolysates with different food ingredients, gastrointestinal 
stability, bioavailability and long-term stability. It is also necessary to understand the 
mechanisms by which different hydrolysates mediate their physiological effects. It is 
widely reported that marketing health benefits of hydrolysate products requires 
carefully controlled in vivo human-intervention studies, metabolomics and nutrikinetic 
as well as scientific validation (Kim, 2013). 
 
5.5 Conclusions 
 
 Tilapia gelatin can be hydrolysed using alcalase to produce hydrolysates for 
further applications as nutritional food ingredients. 
 Tilapia gelatin had good foaming properties and contributed to whey protein 
foam stability when combined. 
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 The gelatin hydrolysates did not foam on their own in contrast to the parent 
gelatin protein.   
 There is potential for combining/ optimizing tilapia gelatin and whey proteins and 
possibly green tea for enhanced foaming and gelation in novel food formulations 
for both food and pharmaceutical applications. 
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CHAPTER 6. GENERAL DISCUSSION AND CONCLUSIONS  
 
6.1 Background 
 
This research provided an opportunity to investigate the extraction of  gelatin from a 
warm-water fish Tilapia  found in Brunei, to characterize the structure and physical-
chemical properties of the extracted gelatin, and to identify the gelling properties that 
could be relevant to the production of safe, high quality, nutritious food including halal 
products (Halal: permissible in Islam). 
These aims are in-line with the national vision 2035 for strengthening Brunei’s 
food security for the future and is planned to contribute to the economic diversification 
agenda of Brunei Darussalam, to address the development of the fisheries sector and 
to strengthen to support the science and technology. A focus of the agenda is to explore 
alternative raw materials that can be used to produce halal gelatin including from 
marine resources available in Brunei. The production/manufacture of fish gelatin in the 
future can reduce reliance on imports and improve sustainability and self-sufficiency. 
In addition to addressing the utilization of by-products (skins) from the fisheries industry 
of Brunei, the creation of commercial fish gelatin can be considered as a spinoff for the 
fisheries industry in the future. 
Tilapia was chosen for this study because it is a common cultured fish and is 
supplied to the local industry in Brunei. Three types of species red tilapia (Oreochromis 
mossambicus), Nile or Black tilapia (Oreochromis nilotica) and Wami tilapia 
(Oreochromis urolepis) are farmed in Brunei (Department of Fisheries of Brunei, 2014).  
Tilapia skin is a good source food-grade gelatin for the food and pharmaceutical 
market. Gelatin production from a sustainable source will also address the problem 
associated with under-utilized by-products from fish, which are currently thrown away 
as waste and may be causing pollution associated with the fish-processing industry.  
Most food products contain gelatin derived from mammalian porcine and bovine 
hide and bones, which can be replaced by fish gelatin. This fish gelatin production will 
permit technology transfer to the fisheries industry to assist with product development 
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using by-products and develop a prototype fish gelatin with the similar characteristics 
and performance of mammalian gelatin in order to be able to give a substitute where 
they are traditionally/typically used in foods. 
There is an increasing demand for alternative sources of commercial gelatin due 
to many sociocultural and religious reasons. For instance, there are religious concerns 
about the use of beef and pork gelatin for Muslims, Jews, Hindus and Buddhists, and 
concern that gelatins from cows may transmit diseases to humans such as bovine 
spongiform encephalopathy (BSE). Therefore extraction and development of a 
nutritious and functional food grade gelatin and its peptides from fish offers alternative 
materials for food and pharmaceutical products. To this end the following objectives 
were addressed in the present study.  
 
6.2 Preparation and characterization of fish skin gelatin as an alternative 
to mammalian gelatin 
 
6.2.1 Fish skin gelatin composition 
 
After several attempts at sourcing tilapia in the UK, black or Nile tilapia fish species of 
good size and freshness, imported from Asia, were obtained directly and reliably from 
Billingsgate Fish market, London.  
The preparation and extraction of gelatin from tilapia fish skin was straightforward, 
according to Badii and Howell (2006) with minor modifications in terms of a special 
mechanized tool (Skinz lt) for skin removal and sufficient citric acid to soak the skins 
which improved the efficiency.  The yield of gelatin was important and ranged between 
19 to 26% based on dry weight basis. The yield could be further improved by enzymatic 
treatment, if required.  
The physicochemical and functional properties of fish skin gelatin were investigated 
in this study. Proximate analysis of tilapia skin gelatin showed a high protein (90.2 + 
0.68 %) and low fat (0.6 + 0.03 %), low moisture (5.2 + 0.62 %) and ash content (0.08 
+ 0.05 %,) that compared well with commercial tilapia gelatin and were within the 
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Association for Gelatin Manufacturers Guidelines. The commercial tilapia gelatin ( > 
86% protein) and literature protein values of tilapia gelatin ranged from 82% (Alfaro et 
al., 2013), and 88.0%-87.9% for Nile perch skin gelatin (Muyonga et al., 2004). The fat 
content was similar to the literature range 0.1-0.3% (Muyonga et al., 2004). A low fat 
content in the gelatin was important to improve gelling and foaming properties as well 
as to minimize rancidity and spoilage which affects the shelf life of the gelatin. The 
moisture content of the gelatin was below 6%, which was within the limit set for edible 
gelatin (GME, 2012).  
The determination of the water content in gelatin is important commercially as 
commercial gelatins and the literature report  moisture levels of 9-15% (Haug and 
Draget, 2011), (Alfaro et al., 2015) (Muyonga et al., 2004) including for Nile tilapia, 
wami tilapia, Nile perch and catfish gelatin).  The importance of reducing the moisture 
level as low as possible is to prevent oxidation and microbial spoilage during storage. 
In this study, freeze-drying and rotary evaporation, both under vacuum was efficient for 
obtaining low moisture gelatin (5.2%). The ash content very good at was less than 1 % 
compared to commercial tilapia gelatin (<2.0%).  
The visual observation for the gelatin’s colour and odour were also evaluated except 
for the flavor, as food safety standards in the laboratory did not permit the tasting of 
gelatin. The colour of extracted tilapia skin gelatin was bright and snowy white and the 
odour was slightly fishy, similar to properties reported by (Jamilah and Harvinder, 2002) 
for black tilapia skin gelatin.  
 
 6.2.2 Characterization of gelatin from fish skin 
The extracted gelatin was intentionally adjusted to pH 6.0 soon after deionization, 
which achieved the ideal isoelectric point, before the drying step, for enhanced gelling 
point. As a result, the extracted defatted tilapia gelatin had an excellent Bloom results 
(301 + 11.6 g), compared to undefatted gelatin (234 + 7.3 g) which is comparable to 
commercial tilapia gelatin (207 g) as well as commercial mammalian gelatins of known 
gel strength (bovine gelatin ~225 g) and porcine gelatin ~300 g). Commercial cold-
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water fish gelatin, was not able to form a gel. The differences in Bloom values of the 
gelatins are due to their intrinsic properties including imino acid and hydrophobic acid 
residues and molecular weight (Badii and Howell, 2006). 
 The amino acid profile of the tilapia gelatin compared well with commercial 
tilapia and bovine gelatins. Due to equipment constraints only 17 amino acids were run 
including aspartic acid, glutamic acid, serine, glycine, histidine, arginine, threonine, 
alanine, proline, tyrosine, valine, methionine, cysteine, iso-leucine, leucine, 
phenylanine and lysine. Glycine had the highest percentage (33.94%), followed by 
alanine (26.1%), that were close to the reported literature commercial tilapia gelatin 
(33.98% and 25.84 % respectively).  
Alanine, together with proline and hydroxyproline, is found in the non-polar 
region of the chain, where the sequence of amino acids Gly-Pro-X predominates. The 
high content of these imino acids are mainly responsible for the higher viscoelastic 
properties of the tilapia gelatin, when compared with gelatins from cold water fishes 
(Alfaro et al., 2013). Glutamic acid, proline, arginine and aspartic acid were also found 
at high levels. The proline content was lower than glycine and alanine for all the 
samples; tilapia gelatin proline levels were 5.78%, commercial tilapia gelatin 1.42% 
and bovine gelatin was 4.30 %. (Badii and Howell, 2006) also found that glycine (more 
than 30%) was present in all the gelatin samples and was the most dominant amino 
acid in horse mackerel gelatin. 
Serine, threonine, lysine, valine, leucine and phenylalanine were present in the 
tilapia gelatin at lower levels. Finally, tyrosine and iso-leucine were present in the 
smallest levels. Histidine and cysteine were not detected for all of the gelatin samples, 
and histidine was also reported to be absent for black and red tilapia skin gelatin 
(Jamilah and Harvinder, 2002). The presence of cysteine in gelatin could indicate that 
gelatin might contain a small quantity of stroma protein, such as elastin, which is highly 
insoluble and unusually stable in salt. Therefore, other amino acids such as 
hydroxyproline and hydroxylysine can be analysed in future studies. Hydroxyproline is 
one of the imino acid found in higher levels in both mammalian gelatin and warm water 
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fish gelatins compared to cold water fish, which attributes to their stronger gel strength 
as well as visco-elastic properties. 
Extraction of skins at low temperature in low concentrations of acid and alkali 
treatments converted collagen to gelatin successfully and gave rise to a good quality 
gelatin.  However, microbiological and shelf-life tests are also required, in order to 
comply with international food safety standards  such as ISO 22000, Good 
Manufacturing Practices and a  special certification on  Halal/ Kosher can be endorsed 
on the final gelatin product. 
   
6.3 The rheological and thermal properties of fish skin gelatin 
 
In addition to nutritional properties the functional properties including small and large 
deformation rheology and thermodynamic properties are also important for product 
development. The Bloom values based on large deformation analysis determine the 
commercial value of the gelatin and were reported as being similar to the commercial 
bovine and porcine gelatin controls in section 6.1.  
 
6.3.1. Temperature sweep 
 
The maximum values of elastic (G’) and loss (G’’) modulus for  3,5, and 10% tilapia 
gelatin were 1, 135 and 720 Pa respectively whereas 10% bovine and 10% porcine 
commercial gelatins of were 2223 and 3740 Pa respectively. The results show that the 
extracted gelatin was a good gelling agent although not as strong as mammalian or 
chicken skin gelatin (Sarbon, 2013). The results show that the extracted gelatin was a 
good gelling agent although not as strong as mammalian or chicken skin gelatin 
(Sarbon, 2013). Chicken skin gelatin exhibited higher viscous and elastic modulus 
values compared to bovine gelatin for a range of concentrations and frequencies. 
However tilapia gelatin compared well with other fish gelatins e.g. sin croaker (G’, 
G’’ values (44 Pa, 3.9 Pa) and shortfin scad (118 Pa, 3.1 Pa) respectively, which were 
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lower than bovine gelatin (G’ of 2160 Pa, G’’ 15.2 Pa) (Cheow et al., 2007) and was 
better than the cold-water cod or salmon fish gelatin which did not gel. G’ values 
increased during cooling to 10oC. As the gel network was formed, the rate of increase 
of G’ with time decreased significantly (Fonkwe et al., 2003). During heating, the 
thermoreversible gelatin gel melted and G’ decreased sharply. Typically, melting 
occurs earlier at low concentrations rather than at higher concentrations. The rate of 
cooling affects helix formation. Slow rates form more ordered (helical) structure than 
fast cooling rates (Ledward, 1986).   
The sol-gel transition of gelatin gel could be observed from the gelatins behavior. 
The gelatin gelling temperature was close to the sol-gel transition when the G’/G’’ 
crossover occurred on cooling (Ross-Murphy, 1991; (Gudmundsson, 2002). This was 
when the G’ value was higher than the G’’ value. For 3% gelatin was at G’ (0.7 Pa) and 
G'' (0.5 Pa), 5% was at G’ (1.0 Pa) and G'' (0.7 Pa) and highest 10% level was at G’ 
(16.0 Pa) and G’’ (8.6 Pa). There was an increase in the G’ values as the concentration 
of gelatin was increased. Gelation of gelatin occurred at moduli G’ and G’’ upon cooling 
to 15°C from 40°C, when gelatin was was dispersed in water as random coils The study 
showed that concentration affected gelling temperature and time.  
Both the gelling temperature and melting temperatures showed an increase with 
the increase of gelatin concentration. Gelatin (3%) did not gel. For 5 % and 10 % gelatin 
(w/v) the gelling temperature, i.e., gel formation (G’/G’’ crossover point) values were 
22.0 + 0.4 °C and 26.0 + 0.2 °C respectively and significantly different (p<0.05). The 
melting temperature was 17.0° + 0.4oC for 5 % gelatin and 20.0 + 0 °C for 10 % gelatin 
(Table 3.1).  
The lower melting point the tilapia gelatin compared porcine gelatin may be due to the 
lower content of imino acids (proline and hydroxyproline) in tilapia gelatin; this was 
similar to results obtained for rohu fish skin gelatin (Cheow et al., 2007). The melting 
temperatures of gelatin gels correspond to the energy absorbed to achieve the helix-
to-coil (sol-gel) conformation through melting of the junction zones. The junction zones 
are accountable for gelatin’s rigidity by means of hydrogen bonding which stabilizes 
the triple-helix structure. (Badii and Howell, 2006) reported that the high gelling and 
163 
 
melting temperatures of gelatin are governed by the imino acid content, which can 
cause a stiffer gel.  
Therefore, the tilapia gelatin at 10% (w/v) in distilled water in the present study had 
good gelling temperature and melting temperatures which fell within the literature range 
and were similar to the commercial bovine and porcine gelatins. 
 
6.3.2 Frequency sweep 
 
Frequency sweep results of tilapia gelatin were compared with commercial tilapia 
gelatin as well as commercial cold water fish gelatin. Tilapia gelatin gels at 
concentrations of 3, 5 and 10 % (w/v) exhibited no frequency dependence of G’, which 
depicts that the gel formed was strong and stable (Fig 3.4), similar to those of 
mammalian gelatin. 
The G’ values of tilapia gelatin increased as the concentration of gelatin increased from 
3 %, 5 % and 10 %, starting at just below 100  to almost 8000 Pa. Tilapia gelatin 
gelation increased linearly and was similar to other studies (Boran et al., 2010) where 
the G’ values of fish gelatin gels ranged from about  2000 - 8000 Pa. The G’ values of 
3 % - 10 % (w/v) commercial tilapia gelatin ranged from about 500 - 7000 Pa. 
Increasing the protein concentration led to an increased G’ as more energy from the 
gelatin was stored elastically in the gel network with a greater amount of  intermolecular 
cross-links including amine groups, forming a strong structure (Comfort and Howell, 
2002); (Chiou et al., 2006). In contrast, the G’ was below G’’ values for all concentration 
levels of cold water fish gelatin and 10 % (w/v) gelatin’s tan_delta values were more 
linear than those of 3 % and 5 % solutions due to poor gelling properties. The lower 
tan δ values obtained in this study during a frequency sweep for extracted and 
commercial tilapia gelatin indicated a good gel network (Hudson et al., 2000). 
Therefore, the tilapia gelatin gel was highly stable in the frequency range 0-100 rad/sec; 
this is a useful property in the processing and transport of gelatin products.  
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6.3.3 Differential Scanning Calorimetry (DSC) 
 
Thermodynamic properties were characterized by differential scanning calorimetry. 
The DSC scan for tilapia gelatin showed a single endothermic peak with the melting 
temperature observed from the maximum of the endothermic peak. The transition 
temperature, Tm (°C), and the enthalpy change, H (J/g) values for the extracted tilapia 
gelatin (5, and 10 % w/v) for 10 % (w/v) commercial tilapia, cold water fish, bovine and 
porcine gelatin were calculated. 
The extracted tilapia gelatin had a very similar melting temperature (22.7°C) to 
the commercial tilapia gelatin (22.1°C), which is very good. The cold water fish gelatin, 
had a lower gelling temperature of 15°C confirming the presence of a weak gel and the 
readings for the melting temperature and enthalpy could not be obtained.  
The porcine and bovine mammalian gelatins showed higher melting 
temperatures but lower enthalpy values compared with the tilapia gelatins. The melting 
temperature of bovine sample was significantly lower (26.0 °C) (p<0.05) than that of 
porcine gelatin, which had Tm of 30.7°C, a narrow melting endothermic peak (Fig 3.9). 
The lower melting temperature (Tm) of bovine gelatin gel showed that the structural 
stability of bovine gelatin was weaker than that of the porcine gelatin. This is in line with 
results published by (Sarbon et al., 2015)  for the same concentration of 10% and type 
of gelatin, the Tm was reported to be around 27.6°C, with a lower enthalpy of 0.75 J/g. 
The lower melting temperature indicates that there was a  structure difference of tilapia 
gelatin compared with  bovine and porcine gelatins that was due to a lower content of 
imino acids and hydrophobic amino acids (Badii and Howell, 2006). In terms of enthalpy 
values, the tilapia gelatins had higher ∆H values for extracted gelatin (2.51 J/g) 
compared with commercial gelatin (0.74 J/g) whereas bovine gelatin (0.58 J/g) and 
porcine gelatin (0.45 J/g) were lower. The low values indicate denaturation of proteins. 
The higher enthalpy values reflect the stability of the bovine gelatin collagen structure 
in as more energy is required to break hydrogen bonds that lead to helix coil transitions 
and separation of polypeptide chains of collagen in the denaturation process.  
The low enthalpy values can indicate that the gelatin was more denatured. The melting 
temperature of both porcine and bovine gelatin was higher than fish gelatin. Tm of 
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gelatin gels for bovine, shortfin scad and sin croaker were 28.89°C, 24.57°C and 
18.51°C respectively (Cheow et al., 2007), Nile perch was (21.4°C) (Muyonga et al., 
2004) and cod (13.8°C) (Gómez-Guillén et al., 2002). According to Gilsenan and Ross-
Murphy (2000), the low melting temperature reflects a small number of helical 
structures present, leading to lower the values of enthalpy. Also, a low molecular weight 
can make gels melt at a lower temperature. Therefore, for a low molecular weight 
gelatin, a greater the number of crosslinks per unit volume (high protein concentration) 
are needed to form a gel. 
The heating cycles of tilapia gelatin at different concentrations of 5% and 10% 
(w/v) confirmed a reversible gel and a single endothermic transition peak appeared for 
each scanned cycle during heating and cooling respectively. The reversible peak 
showed minor changes in thermal denaturation (Tm) and enthalpy change or transition 
enthalpy (∆H) on a second scan of the gelatin sample, confirming that gelatin 
undergoes a helix to coil transition on heating and refolds on cooling, recovering most 
of the helical structure (McLachlan and Karn, 1982). 
The reversible peak of 5% tilapia gelatin showed minor changes in Tm from 21.5 
to 20.3°C and enthalpy change (∆H) at 0.73 J/g to 0.76 J/g on a second scan of the 
gelatin sample. This trend was also similar for 6.67% tilapia gelatin with Tm 21.3 to 
19.5°C, with ∆H of 2.88 J/g to 1.58 J/g and 10% tilapia gelatin Tm 22.7 to 20.0°C, with 
∆H of 2.51 J/g to 2.27 J/g.  
Similarly, samples of horse mackerel gelatin solutions studied by Badii and 
Howell (2006) were heat reversible with minor changes in Tm and ΔH on a second scan 
of each gelatin sample confirming that gelatin also underwent the helix-coil structural 
transition. Badii and Howell (2006) found that the Tm of the gelatin solutions 3,5,7,10% 
w/w at 14.71, 14.73, 15.09 and 15.02°C in distilled water were not significantly different 
(P>0.05) but enthalpy change (ΔH) were significantly different (P<0.05) at 0.33, 0.73, 
1.11 and 1.49 J/g respectively in cycle 1. In cycle 2, they reduced to 0.24, 0.69, 0.94 
and 1.33 J/g respectively. Furthermore, the Tm was only slightly affected by the gelatin 
concentration. 
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Effect of concentration on denaturation temperature of gelatin gel 
 
Tm of tilapia gelatin (10%) had a lower denaturation temperature of 22.1°C whereas 
bovine gelatin (26.2°C) and porcine gelatin (30.7°C) were higher. The increase in 
gelatin concentration was observed to affect tilapia gelatin’s Tm. The denaturation 
temperatures of tilapia gelatin at 5% and 10% concentrations were 0.73 J/g and 1.02 
J/g respectively. For 10% commercial tilapia gelatin, the delta H value was lower than 
that for the extracted tilapia gelatin (0.75 J/g). Interestingly, the enthalpy change values 
of 10% extracted tilapia gelatin was higher at 2.51 J/g compared to both bovine (0.58 
J/g) and porcine (0.45 J/g) gelatins.  
Other gelatin gelling and melting temperatures are reported for catfish (22°C) 
and (25°C) (Liu et al., 2008); Alaska Pollock fish (11.9°C) and (21.2°C); pork skin 
(27°C) and (29°C) (Zhou et al., 2006) and cattle hide (24.7°C) and (32.3°C) 
(Gudmundsson, 2002). The melting temperatures for other skin gelatins of porcine 
(32.2°C), catla (22.1°C), mrigal (23.7°C) and rohu (17.1) (Chandra and Shamasundar, 
2014). Tm of gelatin gels for bovine, shortfin scad and sin croaker were 28.89°C, 
24.57°C and 18.51°C respectively (Cheow at al., 2007), Nile perch (21.4°C) (Muyonga 
et al., 2004) and Cod (13.8°C) (Gómez-Guillén et al., 2002). Therefore the results 
obtained for tilapia gelatin in this study have a similar Tm value compared to other 
warm water fish species.  
An increase in the Tm value suggest that the protein changes into a more 
compact conformation or associates to a complex structure with higher thermal stability 
(Badii and Howell, 2006).  DSC showed that the melting temperature of 6.67%, chicken 
skin gelatin (31.2°C) was higher than that of bovine gelatin (26.1°C), because bovine 
gelatin was less stable than chicken skin gelatin. 10% bovine gelatin had Tm of 27.6°C 
and ∆H of 0.75 J/g and chicken gelatin had a higher Tm  of 31.2°C and 0.88 J/g (Sarbon 
et al., 2015). The endothermic process of collageneous materials ruptured hydrogen 
bonds of the triple helix into a random coils (Tanioka et al., 1976);(Achet and He, 1995).  
 The stability of the collagen structure is influenced by the amino acids, 
specifically the imino acid content such as proline and hydroxyproline; they are 
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accountable for gelatin’s rigidity by means of hydrogen bonding which stabilizes the 
triple-helix structure. The higher imino acid content caused more rigidity in the gelatin 
as well as higher melting and gelling temperatures (Badii and Howell, 2006). 
Table 3.3 compares the denaturation temperature (Tm) and enthalpy change 
(∆H) of tilapia gelatin and commercial bovine and porcine gelatins at 10 % (w/v). Tm of 
tilapia gelatin had a lower denaturation temperature of 22.7°C whereas bovine gelatin 
(26.0°C) and porcine gelatin (30.7°C) were higher. Interestingly, the enthalpy change 
values of 10% tilapia gelatin was higher at 2.51J/g compared to both bovine (1.48 J/g) 
and porcine (0.45 J/g) gelatins. 10% bovine gelatin had Tm of 27.6°C and ∆H of 0.75 
J/g and chicken gelatin had a higher Tm  of 31.2°C and 0.88 J/g  (Sarbon et al., 2015). 
The Tm of gelatin gels for bovine, shortfin scad and sin croaker were 28.89°C, 24.57°C 
and 18.51°C respectively (Cheow at al., 2007). An increase in the Tm value suggest 
that the protein changes into a more compact conformation or associates to a complex 
structure with higher thermal stability (Badii and Howell, 2006). 
The melting temperature of both porcine and bovine gelatin was higher than that 
of fish gelatin whereas the enthalpy values of mammalian gelatins were lower than 
tilapia gelatin, confirming that the commercial samples were more denatured. Tilapia 
gelatin DSC results showed a decrease in the Tm value from 22.7°C to 20.0°C after 
the second heating cycle, indicating a less stable structure after heating and cooling, 
although the gelatin showed a typical reversible transition (Fig 3.12). At 6.67% (w/v), 
tilapia gelatin Tm value decreased from 21.3°C to 19.5°C (Fig 3.11). In comparison to 
the same concentration, chicken skin gelatin melting temperature (31.2°C) was 
significantly greater (p < 0.05) than that of bovine gelatin (26.1°C), indicating lower 
stability of bovine gelatin compared to chicken skin gelatin (Sarbon, 2013). 
Results showed that the enthalpy change values of the gelatin increased with respect 
to the concentration increase. The denaturation temperatures of tilapia gelatin at 5% 
and 10% concentrations were 0.73 J/g and 1.02 J/g respectively. 10% commercial 
tilapia gelatin Tm was lower than the extracted tilapia gelatin at 0.75 J/g.  
At high gelatin concentration, the junction zones are closer and high energy is needed 
to break hydrogen bonds for transitions. The denaturation temperature heat flow 
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detected by DSC corresponded to the energy absorbed by gelatin gels to melt (Michon 
et al., 1997). 
 The stability of the collagen structure is influenced by the amino acids, 
specifically the imino acid content such as proline and hydroxyproline. They are 
accountable for gelatin’s rigidity by means of hydrogen bonding which stabilizes the 
triple-helix structure. The higher imino acid content causes more rigidity in the gelatin 
as well as higher melting and gelling temperatures (Badii and Howell, 2006). 
 
6.4 The effect of fish skin gelatin-whey proteins interactions on 
rheological and thermal properties 
 
 
6.4.1 Temperature sweeps 
 
In order to address the objective of using fish gelatin in food products, model systems 
of fish gelatin-whey protein mixtures were investigated in terms of rheological and 
thermodynamic behavior.  
In the gelatin-whey protein mixtures, the rheological properties of different 
concentrations of gelatin (3, 5 and 10% w/v) were affected by the addition of whey 
protein (10% w/v). The gelation of the gelatin (G’/G’’ crossover temperatures) 
increased with the addition of whey protein in the mixtures. This was seen for the gelling 
temperatures of the mixtures of 10% WPI with 5% (88.9°C)  and 10% (87.4°C)  gelatins 
were higher than WPI alone (80.3°C) (Table 4.2). This was probably due to the whey 
protein’s dominance in the mixtures. The 5:10 mixture was not significantly higher 
(p>0.05) than 10:10 mixtures (gelatin: WPI) but WPI alone had a lower gelling 
temperature than both of the mixtures. 
The gelling temperature of gelatins alone at 5% (22.0 + 0.4°C) and 10% (26.0 + 
0.2 °C) were much lower (p< 0.05) than that of their mixtures with WPI, except for the 
10% WPI with 3% gelatin, which could not be obtained (Table 4.1). This suggests at 
the lowest 3% gelatin, a weaker gel was formed since there was also no G’/G’’ 
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crossover temperature found in its mixture with whey. Similar results was reported 
(Walkenström and Hermansson, 1994) for a mixed gel of whey protein and gelatin at a 
low concentration of gelatin (up to 2%) that behaved like whey protein isolate. However, 
by increasing the gelatin concentration in the mixture, the deviation between the mixed 
gel and pure whey protein started to increase. (Badii and Howell, 2006) found the 
addition of 3% or more horse mackerel gelatin to 10% egg albumen had a synergistic 
effect enhanced G’ and G’’ values, indicating the usefulness of combining both 
proteins.  
As previously reported in Section 3.3.1.1, the maximum G’ values were 3% 
gelatin (1 Pa), 5% gelatin (135 Pa) and 10% gelatin (1612 Pa).  In comparison, with 
the mixtures, G’ values were higher for 10% WPI and 5% gelatin (597 Pa) and 10% 
WPI and 10% gelatin (26974 Pa), except for 10% WPI and 3% gelatin (0.01 Pa). This 
is in agreement with Walkenstorm and Hermansson (1994) as the G’ value of 10% 
whey protein was affected by both the concentration of gelatin in the mixture and 
cooling temperature from 90°C to 20°C.  
In this preliminary study, different levels of whey protein and gelatin such as 
12.5% WP with 1, 3, and 5% gelatin and 15% WP with 1%, 3%, 5% gelatin were 
previously attempted (Appendix 4.1) but 10% whey protein was found to give the best 
rheology scan results amongst them. The lowest level of 1% gelatin was also tried with 
10% WP. 
The gelation mechanism of whey protein starts with an initial denaturation step 
followed by interaction to form a gel matrix, which is similar to one of other globular 
proteins (Turgeon and Beaulieu, 2001). Protein structure, conformation, denaturation 
process and gel formation are affected by  environmental conditions such as pH, ionic 
strength and specific cations (Errington and Foegeding, 1998). Also, whey proteins 
formed more elastic gels mostly on heating to 90 °C. 
6.4.2 Frequency sweeps 
 
The frequency sweep of 10% WP (Fig 4.4) and 10% WP + 10% gelatin (Fig 4.6) are 
compared for their frequency dependence. The frequency sweep of 10% WP + 5% 
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gelatin (Fig 4.7) exhibited a similar trend with the same concentration with commercial 
tilapia gelatin (Fig 4.8). Whey protein on its own did not form a stable gel at 10%, and 
therefore showed an erratic trend in the results. When combined with gelatin at 3 and 
5%, the gel was stable; this showed that the gelatin contributed to the mixture’s gel 
stability. Therefore, the tilapia gelatin gel was highly stable in the frequency range. In 
addition, the G’ of all mixtures of the whey and gelatins as well as the lower tan δ values 
obtained in this study during a frequency sweep is indicative of a good gel network 
(Hudson et al., 2000).   
Comfort and Howell (2002) found that the G’ of soya isolate was less frequency 
dependent at 90°C due to an increase in the stability of the structure occurred due to 
interaction between the constituent protein fractions and the formation of a network 
structure via hydrophobic associations. The frequency sweep of the WPI gel, recorded 
after one hour at 90°C, showed an unstable structure at relatively high G’ (~9x102 Pa) 
and could not withstand a two decade sweep of frequency. After subsequent cooling, 
however, a more integral matrix formed which was less dependent on frequency. 
Therefore, the structure became significantly more stable even though the G’ on 
cooling did not have a dramatic increase. 
 
6.4.3 Large deformation test 
 
The gelatin 10 % (w/w) had a gel strength value of 158.2 + 19.8 g on its own and was 
stronger when combined with 10 % whey protein, at 5 % (170.7 + 28.5 g) and 10 % 
gelatin (544.9 + 37.1 g) except at 3% gelatin (66.9 g) which was very low.  The best 
and highest gelling property was obtained for 10 % WPI and 10 % gelatin mixture.  
Sarbon (2015) reported 10 % (w/w) WP on its own did not form a gel and that 
chicken skin gelatin was essential for enhancing the gel strength of the mixtures by 
association between whey proteins and gelatin chains. A synergistic interaction and 
gelling properties enhancement was found in the mixture of 10 % gelatin and 10 % 
whey protein, having about 3 x greater (897 g) than 10% gelatin (241 g) alone.  
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Whey proteins form aggregates and gels that have a large pore size that 
contribute to a weak structure (Stading, Langton & Hermansson, 1993). Gelatin 
contains fine strands in its network which attributes to the gel strength. Therefore, an 
increase in gelatin concentration in the mixtures resulted in increased gel strength. 
 
6.3.4 DSC results 
 
DSC thermograms of the 10 % (w/v) tilapia skin gelatin indicated a reversible gel as a 
single transition appeared in two heating cycles. The tilapia gelatin of both extracted 
and commercial samples exhibited a denaturation temperature of about 22 °C. 
The Tm of whey protein was 67.1 °C and enthalpy was 0.42 J/g. The single 
endothermic peak produced by the whey protein showed that they whey protein 
transition was not reversible as the protein was denatured in the first heating cycle. 
Globular whey protein molecules unfolded partially at  90°C into a molten globule 
followed by aggregation via covalent and non-covalent bonds resulting in an 
irreversibly denatured protein (Comfort and Howell, 2002).  
The addition of 10% WPI to gelatins on their own at 3 % (28 °C), 5 % (24.2 °C) 
and 10 % (24.6 °C) increased their Tm to 67.2 °C, 68.8 °C and 68.2 °C respectively. 
The enthalpy (∆H) values of gelatins showed a trend of increase when combined with 
the WPI. 3 % gelatin (0.03 J/g),  10% WPI + 3 % gelatin (0.44 J/g), 5 % gelatin (0.18 
J/g) and 10 % WPI + 5 % gelatin (0.56), 10 % gelatin (1.3 J/g) and 10 % WPI + 10 % 
gelatin (0.59). Also, a high gelatin concentration in the mixtures, resulted in a  higher 
enthalpy change as strong network structures with increased complex cross-links with 
higher thermal stability were formed (Michon et al., 1997). (Badii and Howell, 2006). 
The greatest changes in enthalpy change value for egg albumen-gelatin 
occurred in the decrease from 0.412 J/g to 0.38, 0.36, 0.29 and 0.26 in the presence 
of 3, 5, 7 and 10% gelatin in the egg albumen solution respectively. This was found to 
confirm the interaction between egg albumen proteins and gelatin observed by 
rheology and phase contrast microscopy by Badii and Howell (2006). 
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6.4.5 Phase contrast microscopy 
 
Additionally, phase contrast microscopy helped to understand the mechanism 
responsible for the gelatin and whey protein mixture micro-structure. The gelatin on its 
own showed linear chains, a fine uniform and homogeneous network structure with 
very small particles whereas the whey protein structure was more irregular with larger 
aggregates. The increase in concentration of gelatin faintly showed some more 
networking, but did not indicate major differences in the samples.  
In this study, the mixtures looked like a compatible network between the gelatins 
and whey protein and phase separation of the two proteins gelatin and whey was not 
identifiable. This is in contrast to Sarbon et al., (2015) who observed an incompatible 
structure and phase separation of chicken skin gelatin and Bipro whey protein isolate. 
The network development for whey protein in the mixed gels was similar to that of a 
pure whey protein gel as it was formed first and allowed the gelatin to form a network 
in the pores (Walkenström and Hermansson, 1997). In contrast, Badii and Howell 
(2006) found synergistic egg albumen-gelatin interaction and a uniform gel network for 
horse mackerel gelatin at 3% with 10% egg albumen. The mixture had a uniform 
structure with smaller aggregates than those of egg albumen proteins in isolation. 
Comfort and Howell (2002) reported phase separation of soya and whey protein isolate 
due to incompatibility of proteins and differences in their molecular weight. Further 
studies are needed to view the fish gelatin-whey protein mixtures in detail by electron 
microscopy to clarify if tilapia gelatin-whey protein form a bi-continous network/ 
dominant phase. 
 This study confirms that gelatin from tilapia skin can be used in combination with 
a good source of protein (whey) in order to enhance gelation properties and texture in 
both food and pharmaceutical applications.  
6.5 Preparation of fish skin gelatin hydrolysates and foaming properties 
of tilapia gelatin and its hydrolysates 
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6.5.1 Gelatin hydrolysis 
 
The hydrolysis of the extracted tilapia gelatin was successfully achieved with alcalase 
enzyme and resulted in light brown crystalline hydrolysates. Alcalase has been proven 
to be one of the best enzymes used to prepare fish protein hydrolysate (al., 2013) and 
showed the greatest efficacy for the hydrolysis of salmon and Nile perch gelatin to form 
bioactive peptides (Leong, 2015).  
 
6.5.2. Foaming properties  
 
Foam expansion 
Gelatin produced the highest volume of foam (933%), followed by gelatin + whey 
protein (853%), gelatin hydrolysate + whey protein (767%); these were not significantly 
different (p>0.05). This was followed by a mixture of gelatin + whey protein + green tea 
(575%) that was significantly lower (p< 0.05). 
There was high foam volume when both gelatin and its hydrolysate were combined 
with whey protein. The mixture of hydrolysate and whey protein produced a high foam 
volume but unstable foam. In contrast the foam for gelatin + whey protein had a high 
volume and stability.  The FE of gelatin was higher compared to whey protein alone 
(p<0.05), and was not significantly different from gelatin + whey protein combined 
(p>0.05). The concentration of matcha tea was selected to be at 0.3% (w/v) level due 
to the prior findings of Wu et al., (2007), who investigated the interaction of  0.25-0.4% 
(w/v) instant green with egg albumen, and found that above 0.5% green tea resulted in 
decreased foam expansion and stability of the egg white-green tea mixture.  
 
Foam stability 
The foaming stability of mixtures of gelatin + whey protein + green tea was significantly 
higher at 47%, than gelatin + whey protein (34%) and gelatin + green tea (25%) 
(p<0.05).  Tilapia gelatin (TG) was significantly higher than that of whey protein alone 
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(p<0.05) but the combination of whey protein with gelatin resulted in a significant 
increase (P<0.05) compared to WP or TG alone. Whey protein at FS of 8% was not as 
stable as the gelatin (18%) or green tea (21%). This is in contrast to Rouimi et al (2005) 
who reported that whey proteins formed very small air bubbles (average diameter of 
15µm) and no coalescence and no drainage occurred during the first 24 hr. 
The gelatin hydrolysate did not make a foam at all and therefore the FS could 
not be calculated (0%). However, when combined with the whey protein, the FS was 
enhanced significantly (p<0.05), compared to whey protein on its own (11%).  When 
gelatin hydrolysate was combined with green tea, the FS was 9% which was less than 
that of green tea on its own.  However, as mentioned above the most stable foam was 
produced by the mixture of tilapia gelatin, whey protein and green tea, although this 
combination did not give the highest expansion compared to whey and TG on their 
own. 
The improvement of FE and especially FS by tea polyphenols is due to protein-
polyphenol binding that occurs by protein-polyphenol complexation as proposed by Wu 
et al., (2007); these authors found that EGCG, one type of green tea polyphenol, at 
optimal concentrations, appeared to interact with egg albumen proteins in order to 
stabilise the air-water interface. When green tea was above the 0.5 (w/v), the protein-
polyphenol complex reduced foam expansion and stability due to blocking of interaction 
groups on the protein. This mechanism is suggested as phenolic groups have the ability 
to bind simultaneously at any sites on the protein molecule. 
Non-covalent linkages which include mainly hydrogen bonding and hydrophobic 
interactions also exist in protein-polyphenol mixtures as the dissociation of their 
complexes can occur due to urea and detergents. The factors which affect the protein-
polyphenol interactions include molecular size and structure, relative concentration, 
solvent composition, ionic strength, pH and presence of co-substrates such as 
polysaccharides. This was similarly observed by Yuksel et al., (2010) for green tea and 
reconstituted milk’s interactions. 
Devi et al., (2014) suggested that in a mixture of 5% gelatin + 5 or 10% WP showed 
an increase in G’ (elastic modulus) during cooling from 20 °C  to 5 °C. It was assumed 
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low concentrations of whey protein first developed a low density network during 
heating, which allowed the gelatin molecules to form triple helical structures in its 
interstices (gap). Therefore, this is a possible explanation for the gelatin and whey 
protein mixture’s foam stability result. 
Similarly, Wu et al., (2007) reported that protein-based foams formation have rapid 
diffusion of protein to the air/water interface to reduce surface tension, followed by 
partial unfolding of the protein. This results in the encapsulation of air bubbles by the 
association of cross-linked gelatin and whey protein molecules, leading to an 
intermolecular cohesive film with a certain degree of elasticity (Klompong et al., 2007). 
In this study whey proteins and gelatin stabilized the air bubbles at the air-water 
interface by forming a viscous layer and forming a cohesive network around the air 
cells. Above their isoelectric points, pH 6, whey and gelatin proteins can also impart a 
negative charge at the interface resulting in repulsion between the air cells. If the 
electrostatic repulsion is greater that the van der Waals attractive forces, the bubbles 
stay apart, thus preventing coalescence into larger bubbles and finally collapse and 
foam breakdown (Howell, 1992). 
Another possible explanation could be due to the structure and bonding differences 
between whey protein and gelatin. Taherian et al., (2011) reported that a fish oil-in-
water beverage emulsion which was made up of whey protein (1%) and fish gelatin 
(10%) resulted in a superior physicochemical stability, as compared to the emulsions 
of individual proteins on their own. This may have been related to the whey protein 
isolate possessing a higher proportion of hydrophobic residues, short peptides and the 
open molecular structure as compared to fish gelatin and the interactions between the 
two proteins.  
The good foaming results of tilapia skin gelatin may have been influenced by the 
low temperature choice employed for gelatin extraction. Nagarajan et al., (2012) 
reported that for squid gelatin, higher extraction temperatures (50, 60, 70 and 80°C) 
resulted in lower foam expansion and foam stability than those extracted at lower 
temperature. Additionally, the tilapia gelatin had a good gel strength (Bloom value) of 
over 300 which attributed for the gelatin’s foam strength. 
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 The whey protein-gelatin mixture can have potential food applications such as 
delivering functional ingredients into beverages, as reported by Taherian et al., (2011) 
that WPI-FG conjugate can be used as an effective emulsifier for formulating food 
emulsions under acidic conditions. 
Tilapia gelatin hydrolysates on their own did not give rise to a foam.  Similarly, it 
has been reported that the reduction of foam stability in naturally fermented sardinelle 
fish protein hydrolysates was due to microscopic peptides not strong enough to 
maintain stable foam. Additionally, Halim et al., (2016) reported that decreasing 
foaming properties was due to reduced peptide size. This means that if the peptides 
have low molecular weight, the molecule’s interface orientation is not well-ordered and 
hence affect the foaming activity of hydrolysates. Foam stability of protein molecules 
forming continuous intermolecular polymers enveloping the air bubbles are important 
in creating foam’s intermolecular cohesiveness and elasticity (Femil et al., 2014). 
However, a study by Foh et al., (2011) on foaming properties of tilapia fish protein 
hydrolysate and the protein concentrate powders showed good foaming properties The 
foam stability values for fresh minced meat hydrolysate ranged from 125.5 to 38.2, hot 
water dip hydrolysate (124.53 to 37.25%).  
Although the explanation of small peptides being good foaming agents is generally 
accepted, this was not the case seen in this study with gelatin hydrolysates which did 
not foam at all. Therefore the composition of the peptides is also likely to be important 
as well as the optimum size.   
In this study tilapia gelatin hydrolysates enhanced the foaming ability of whey 
proteins and could be used in mixtures in dairy, bakery or meat products. The gelatin 
protein hydrolysates can also be utilised as health-promoting functional food 
ingredients for example in parenteral feeding or protein enriched foods.  For the future, 
for commercialisation to large scale production, it is important to study the compatibility 
of the gelatin and its hydrolysates with different food ingredients, gastrointestinal 
stability, bioavailability and long-term stability. It is also necessary to understand the 
mechanisms by which different hydrolysates mediate their physiological effects. It is 
widely reported that marketing health benefits of hydrolysate products requires 
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carefully controlled in vivo human-intervention studies, metabolomics and nutrikinetic 
as well as scientific validation (Kim, 2013). 
 
6.6 General Conclusions 
 
Chapter 2 
 The method of extraction of gelatin used for Tilapia fish skin was successful in 
producing gelatin with a reasonable yield. 
 The extracted gelatin had good quality with high gel strength, high protein 
content and a low content of fat, ash and moisture.  
 Gelatin from fish skin of tilapia can provide an alternative source of gelatin to 
mammalian gelatins as it possesses good physio-chemical and gel strength 
(Bloom value) characteristics. 
 
Chapter 3 
 Small deformation rheology temperature sweep studies showed that an 
increase in concentration of gelatin resulted in an increase in the elastic gel 
modulus, indicating good gelling properties which were not as high as 
mammalian gelatin, but were better than cold water fish gelatin, which did not 
gel at all. 
 
 Frequency sweep: 3-10% (w/v in distilled water) concentrations of extracted 
Tilapia gelatin were stable over the frequency range 0-100 rad/sec which could 
result in more stable products particularly during processing and the 
transportation of food products.   
 
 Increased concentrations of gelatin gave higher DSC thermal transition values 
and higher enthalpy change (∆H) on cooling and heating. 
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 The melting temperature of both porcine and bovine gelatin was higher than 
extracted and commercial tilapia gelatin. 
 
 Tilapia gelatin, being a warm water fish gelatins, is closer in rheological 
properties to porcine or bovine gelatins than cold- water fish gelatins. Therefore 
tilapia gelatin can be a potential substitute for commercial mammalian gelatins 
in many applications without extensive modifications. 
 
Chapter 4 
 The gel formation of gelatin was affected by the presence of whey proteins as 
the whey protein was the more dominant component of the whey-gelatin 
mixtures. 
 Small deformation rheology (temperature sweep) provided a useful way to 
assess the gelling properties of small amounts of gelatin as G’ values correlated 
well with gelatin concentration. The stability of the gelatin gels was attributed to 
the interaction of gelatin and whey proteins in the mixtures. The compatibility 
and interactions of gelatin-whey mixtures in model systems can potentially be 
exploited in dairy and meat products and novel future applications. 
 The gel strength of whey protein and gelatin mixtures were enhanced by gelatin 
in large deformation analysis. 
 Tm and enthalpy change of gelatin/ whey protein mixtures were higher than for 
whey protein alone. 
 Phase contrast microscopy in this study was useful to show that in the gelatin-
whey structure, whey protein formed the continuous phase of the mixture.  
Chapter 5 
 Tilapia gelatin can be hydrolysed using alcalase to produce hydrolysates for 
further applications as nutritional food ingredients. 
 Tilapia gelatin had good foaming properties and contributed to whey protein 
foam stability when combined. 
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 The gelatin hydrolysates did not foam on their own in contrast to the parent 
gelatin protein.   
 There is potential for combining/ optimizing tilapia gelatin and whey proteins and 
possibly green tea for enhanced foaming and gelation in novel food formulations 
for both food and pharmaceutical applications. 
 
6.7 Future Work 
 
 Further chemical tests for gelatin and hydrolysates such as average molecular 
weight and the complete amino acid analysis profile, which were not carried out 
in the physico-chemical analysis of the extracted gelatin and are factors that 
contribute to functionality include molecular weight imino acids and 
hydrophobicity (Tanuja et al., 2012, Badii and Howell, 2006). 
 
 Preliminary investigations were undertaken on the interaction of tilapia gelatin 
and an alternative marine resource seaweed polysaccharide kappa 
carrageenan. Initial trial experiments with Kappa-carrageenan (к-CG) were 
conducted on tilapia gelatin (TG) + к-CG mixture formulation using 5% tilapia 
gelatin with 3 concentration levels of к-CG at 0.25%, 0.50% and 0.75% for 
rheology and DSC analysis. The findings showed a good gelling effect but due 
to time limitation this study was not pursued. However, further research i.e. to 
optimise the concentration should be undertaken. Interaction of tilapia gelatin 
with other seaweed polysaccharides would also be useful and relevant for the 
fisheries industry to tap into the marine polysaccharide resource.  Carrageenan 
is effective in preventing precipitation of whey protein ‘wheying off’ and 
syneresis that tends to occur with some stabilizers (Varnam and Sutherland, 
1994). 
A poster paper on initial trial tilapia gelatin-kappa carrageenan interaction that 
was presented in a conference is shown in Appendix 3.3.  
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 To study the antioxidant activity of fish skin hydrolysate compared with green 
tea. 
 
 For product development/ food formulation: Tilapia gelatin can be used in model 
products like matcha green tea pudding (Kosher/Halal category of desserts). 
Gelatin + green tea as the main foaming ingredients and whey protein can be 
used as the emulsifying agent in this formula. 
 
 Other novel potential applications include producing gelatin bioactive peptides 
to address human nutrition purposes. An example is combating lactose 
intolerance in the Asian diet towards dairy intolerance, and mainly protein 
deficiency by the use of marine resources. Evidence from Kim (2013) reported 
that calcium-binding bioactive peptides derived from pepsin hydrolysates of the 
marine fish species Alaska Pollock (Theragra chlcogramma) and hoki frame 
(Johnius belengeri) can be introduced to Asians with lactose indigestion and 
intolerance as an alternative to dairy products. 
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GÓMEZ-GUILLÉN, M. C., TURNAY, J., FERNÁNDEZ-DıÁZ, M. D., ULMO, N., LIZARBE, M. A. & MONTERO, 
P. 2002. Structural and physical properties of gelatin extracted from different marine species: 
a comparative study. Food Hydrocolloids, 16, 25-34. 
GUDMUNDSSON, M. 2002. Rheological Properties of Fish Gelatins. Journal of food science, v. 67, pp. 
2172-2176-2002 v.67 no.6. 
GUDMUNDSSON, M. & HAFSTEINSSON, H. 1997. Gelatin from cod skins as affected by chemical 
treatments. Journal of Food Science, 62, 37-39. 
184 
 
GUÉRARD, F., DUFOSSÉ, L., DE LA BROISE, D. & BINET, A. 2001. Enzymatic hydrolysis of proteins from 
yellowfin tuna (Thunnus albacares) wastes using Alcalase. Journal of Molecular Catalysis B: 
Enzymatic, 11, 1051-1059. 
HALIM, N. R. A., YUSOF, H. M. & SARBON, N. M. 2016. Functional and bioactive properties of fish 
protein hydolysates and peptides: A comprehensive review. Trends in Food Science & 
Technology, 51, 24-33. 
HAMMAMI, C. & RENÉ, F. 1997. Determination of freeze-drying process variables for strawberries. 
Journal of Food Engineering, 32, 133-154. 
HAUG, I. J. & DRAGET, K. I. 2011. 5 - Gelatin. In: PHILLIPS, G. O. & WILLIAMS, P. A. (eds.) Handbook of 
Food Proteins. Woodhead Publishing. 
HAUG, I. J., DRAGET, K. I. & SMIDSRØD, O. 2004. Physical and rheological properties of fish gelatin 
compared to mammalian gelatin. Food Hydrocolloids, 18, 203-213. 
HERPANDI, N. H., ROSMA, A. & WAN NADIAH, W. A. 2011. The Tuna Fishing Industry: A New Outlook 
on Fish Protein Hydrolysates. Comprehensive Reviews in Food Science and Food Safety, 10, 195-
207. 
HOWELL, N. K. 1992. Protein-Protein Interactions, Elsevier Science Publishers Ltd. 
HOWELL, N. K. & LAWRIE, R. A. 1984. Functional aspects of blood plasma proteins. International Journal 
of Food Science & Technology, 19, 289-295. 
HUDSON, B. J. F. 1992. Biochemistry of Food Proteins, Elsevier Science Publishers Ltd. 
JAMILAH, B. & HARVINDER, K. G. 2002. Properties of gelatins from skins of fish—black tilapia 
(Oreochromis mossambicus) and red tilapia (Oreochromis nilotica). Food Chemistry, 77, 81-84. 
JAYASINGHE, P. & HAWBOLDT, K. 2012. A review of bio-oils from waste biomass: Focus on fish 
processing waste. Renewable and Sustainable Energy Reviews, 16, 798-821. 
JOHNSTON-BANKS, F. A. 1990. Gelatin: In P. Harris (Ed), Food Gels. 
JONGJAREONRAK, A., RAWDKUEN, S., CHAIJAN, M., BENJAKUL, S., OSAKO, K. & TANAKA, M. 2010. 
Chemical compositions and characterisation of skin gelatin from farmed giant catfish 
(Pangasianodon gigas). LWT - Food Science and Technology, 43, 161-165. 
JOSSE, J. & HARRINGTON, W. F. 1964. Role of pyrrolidine residues in the structure and stabilization of 
collagen. Journal of Molecular Biology, 9, 269-287. 
KARIM, A. A. & BHAT, R. 2008. Gelatin alternatives for the food industry: recent developments, 
challenges and prospects. Trends in Food Science & Technology, 19, 644-656. 
KARIM, A. A. & RAJEEV, B. 2009. Fish gelatin: properties, challenges, and prospects as an alternative to 
mammalian gelatins. Food Hydrocolloids, 23, 563-576. 
KAVANAGH, G. M. & ROSS-MURPHY, S. B. 1998. Rheological characterisation of polymer gels. Progress 
in Polymer Science, 23, 533-562. 
KHORA, S. 2013. Marine fish-derived bioactive peptides and proteins for human therapeutics. 
International Journal of Pharmacy and Pharmaceutical Sciences, 5. 
KIM, S.-K. 2013. Marine Proteins and Peptides, Wiley-Blackwell. 
KOŁODZIEJSKA, I., SKIERKA, E., SADOWSKA, M., KOŁODZIEJSKI, W. & NIECIKOWSKA, C. 2008. Effect of 
extracting time and temperature on yield of gelatin from different fish offal. Food Chemistry, 
107, 700-706. 
KOTZAMANIS, Y. P., GISBERT, E., GATESOUPE, F. J., ZAMBONINO INFANTE, J. & CAHU, C. 2007. Effects 
of different dietary levels of fish protein hydrolysates on growth, digestive enzymes, gut 
microbiota, and resistance to Vibrio anguillarum in European sea bass (Dicentrarchus labrax) 
larvae. Comparative Biochemistry and Physiology Part A: Molecular & Integrative Physiology, 
147, 205-214. 
KRISTINSSON, H. G. & RASCO, B. A. 2000. Fish Protein Hydrolysates: Production, Biochemical, and 
Functional Properties. Critical Reviews in Food Science and Nutrition, 40, 43-81. 
185 
 
LAI, G., LI, Y. & LI, G. 2008. Effect of concentration and temperature on the rheological behavior of 
collagen solution. International Journal of Biological Macromolecules, 42, 285-291. 
LAURIANO, E. R., CALÒ, M., SILVESTRI, G., ZACCONE, D., PERGOLIZZI, S. & LO CASCIO, P. 2012. Mast 
cells in the intestine and gills of the sea bream, Sparus aurata, exposed to a polychlorinated 
biphenyl, PCB 126. Acta Histochemica, 114, 166-171. 
LEDWARD, D. A. 1986. Gelation of gelatin. Functional-Properties of Food Macromolecules, 171-201. 
LEONG, P. M. 2015. Elucidation of bioactive properties of salmon skin proteins. 
LIN, L., REGENSTEIN, J. M., LV, S., LU, J. & JIANG, S. 2017. An overview of gelatin derived from aquatic 
animals: Properties and modification. Trends in Food Science & Technology, 68, 102-112. 
LIU, D. C. A. O., H.W. 2001. Meat co-products, New York, Marcell Dekker Inc. 
LIU, H. Y., LI, D. & GUO, S. D. 2008. Extraction and properties of gelatin from channel catfish (Ietalurus 
punetaus) skin. LWT - Food Science and Technology, 41, 414-419. 
LIU, L., YU, T., WANG, L., MO, X. & YU, Y. 2014. A novel CHD7 mutation in a Chinese patient with CHARGE 
syndrome. Meta Gene, 2, 469-78. 
LORÉN, N., ALTSKÄR, A. & HERMANSSON, A.-M. 2001. Structure Evolution during Gelation at Later 
Stages of Spinodal Decomposition in Gelatin/Maltodextrin Mixtures. Macromolecules, 34, 
8117-8128. 
MARINOVA, K. G., BASHEVA, E. S., NENOVA, B., TEMELSKA, M., MIRAREFI, A. Y., CAMPBELL, B. & 
IVANOV, I. B. 2009. Physico-chemical factors controlling the foamability and foam stability of 
milk proteins: Sodium caseinate and whey protein concentrates. Food Hydrocolloids, 23, 1864-
1876. 
MARIOD, A. A. & ADAM, H. F. 2013. Review: gelatin, source, extraction and industrial applications. Acta 
Scientiarum Polonorum. Technologia Alimentaria, 12. 
MENG, Y. & CLOUTIER, S. 2014. Chapter 20 - Gelatin and Other Proteins for Microencapsulation. In: 
GAONKAR, A. G., VASISHT, N., KHARE, A. R. & SOBEL, R. (eds.) Microencapsulation in the Food 
Industry. San Diego: Academic Press. 
MHD SARBON, N., BADII, F. & HOWELL, N. K. 2013. Preparation and characterisation of chicken skin 
gelatin as an alternative to mammalian gelatin. Food Hydrocolloids, 30, 143-151. 
MICHON, C., CUVELIER, G., RELKIN, P. & LAUNAY, B. 1997. Influence of thermal history on the stability 
of gelatin gels. International Journal of Biological Macromolecules, 20, 259-264. 
MONTERO, P. B., J. 1990. Gelification of collagenous material from muscle and skin of hake (Merluccius 
merluccius L.) and trout (Salmo irideus Gibb) according to variation in pH and the presence of 
NaCl in the medium. Zeitschrift fur Lebensmittel Untersuchung und Forschung, 191, 11-15. 
MURPHY, D. B., OLDFIELD, R., SCHWARTZ, S. & DAVIDSON, M. W. Introduction to Phase Contrast 
Microscopy [Online]. Available: https://www.microscopyu.com/techniques/phase-
contrast/introduction-to-phase-contrast-microscopy [Accessed]. 
MURRAY, B. S. 2007. Stabilization of bubbles and foams. Current Opinion in Colloid & Interface Science, 
12, 232-241. 
MUYONGA, J. H., COLE, C. G. B. & DUODU, K. G. 2004. Characterisation of acid soluble collagen from 
skins of young and adult Nile perch (Lates niloticus). Food Chemistry, 85, 81-89. 
NAGAI, T. & SUZUKI, N. 2000. Isolation of collagen from fish waste material — skin, bone and fins. Food 
Chemistry, 68, 277-281. 
NAGARAJAN, M., BENJAKUL, S., PRODPRAN, T., SONGTIPYA, P. & KISHIMURA, H. 2012. Characteristics 
and functional properties of gelatin from splendid squid (Loligo formosana) skin as affected by 
extraction temperatures. Food Hydrocolloids, 29, 389-397. 
NALINANON, S., BENJAKUL, S., KISHIMURA, H. & SHAHIDI, F. 2011. Functionalities and antioxidant 
properties of protein hydrolysates from the muscle of ornate threadfin bream treated with 
pepsin from skipjack tuna. Food Chemistry, 124, 1354-1362. 
186 
 
NGARIZE, S., ADAMS, A. & HOWELL, N. 2005. A comparative study of heat and high pressure induced 
gels of whey and egg albumen proteins and their binary mixtures. Food Hydrocolloids, 19, 984-
996. 
NINAN, G., JOSEPH, J. & ALIYAMVEETTIL, Z. A. 2014. A comparative study on the physical, chemical and 
functional properties of carp skin and mammalian gelatins. Journal of Food Science and 
Technology, 51, 2085-2091. 
NIU, L., ZHOU, X., YUAN, C., BAI, Y., LAI, K., YANG, F. & HUANG, Y. 2013. Characterization of tilapia 
(Oreochromis niloticus) skin gelatin extracted with alkaline and different acid pretreatments. 
Food Hydrocolloids, 33, 336-341. 
ONODENALORE, A. C. & SHAHIDI, F. 1996. Protein Dispersions and Hydrolysates from Shark (Isurus 
oxyrinchus). Journal of Aquatic Food Product Technology, 5, 43-59. 
PANG, Z., DEETH, H., SOPADE, P., SHARMA, R. & BANSAL, N. 2014. Rheology, texture and 
microstructure of gelatin gels with and without milk proteins. Food Hydrocolloids, 35, 484-493. 
POPPE, J. 1992. Are natural antioxidants better-and safer- than synthetic antioxidants? Eur. J. Lipid Sci. 
Technol., 629-642. 
PRIGENT, S. V. E., GRUPPEN, H., VISSER, A. J. W. G., VAN KONINGSVELD, G. A., DE JONG, G. A. H. & 
VORAGEN, A. G. J. 2003. Effects of Non-covalent Interactions with 5-O-Caffeoylquinic Acid 
(Chlorogenic Acid) on the Heat Denaturation and Solubility of Globular Proteins. Journal of 
Agricultural and Food Chemistry, 51, 5088-5095. 
RATNASARI, I., YUWONO, S. S., NUSYAM, H. & WIDJANARKO, S. B. 2013. Extraction and characterization 
of gelatin from different fresh water fishes as alternative sources of gelatin. International Food 
Research Journal, 20, 3085-3091. 
RAWDKUEN, S., THITIPRAMOTE, N. & BENJAKUL, S. 2013. Preparation and functional characterisation 
of fish skin gelatin and comparison with commercial gelatin. International Journal of Food 
Science & Technology, 48, 1093-1102. 
RESEARCH, T. M. May 2018. Global Gelatin Market to Exhibit 6.75%CAGR, Aided by Rising End-Use 
Applications [Online]. Available: 
https://www.transparencymarketresearch.com/pressrelease/gelatin.htm [Accessed]. 
SAE-LEAW, T., BENJAKUL, S. & O'BRIEN, N. M. 2016. Effect of Pretreatments and Drying Methods on 
the Properties and Fishy Odor/Flavor of Gelatin from Seabass (Lates calcarifer) skin. Drying 
Technology, 34, 53-65. 
SARBON, N. M., BADII, F. & HOWELL, N. K. 2015. The effect of chicken skin gelatin and whey protein 
interactions on rheological and thermal properties. Food Hydrocolloids, 45, 83-92. 
SCHRIEBER, R. A. G., H. 2007. Gelatine handbook, Wiley-VCH GmbH & Co. 
SCIENTIFIC, O. O. T., ON, C. O. F. & HEALTH, S. F. G. I. T. O. C. 2002. gelatin. In: FOOD, E. C. S. C. O. (ed.) 
SCF/CS/CNTM/MET/27 Final. 
SEE, S. F., HONG, P. K., NG, K. L., WAN AIDA, W. M. & BABJI, A. S. 2010. Physicochemical properties of 
gelatins extracted from skins of different freshwater fish species. International Food Research 
Journal, 17, 809-816. 
SHAHIDI, F., HAN, X.-Q. & SYNOWIECKI, J. 1995. Production and characteristics of protein hydrolysates 
from capelin (Mallotus villosus). Food Chemistry, 53, 285-293. 
SHENOY, A. 1996. Thermoplastic Melt Rheology and Processing., Boca Raton: CRC Press. 
SHRINIVAS, P., KASAPIS, S. & TONGDANG, T. 2009. Morphology and Mechanical Properties of 
Bicontinuous Gels of Agarose and Gelatin and the Effect of Added Lipid Phase. Langmuir, 25, 
8763-8773. 
SILVA, J. F. X., RIBEIRO, K., SILVA, J. F., CAHÚ, T. B. & BEZERRA, R. S. 2014. Utilization of tilapia processing 
waste for the production of fish protein hydrolysate. Animal Feed Science and Technology, 196, 
96-106. 
187 
 
SIMOS, T. 2012. Tilapia value chain review. Australian Government- Australian Centre for International 
Agricultural Research and PARDI- Pacific Agribusiness for Development Initiative. 
SOMBOON, N. K., T. T.; KAEWMANEE, T.; KARRILA, S. J. 2014. Properties of gels from mixed agar and 
fish gelatin. International Food Research Journal, 21, 485-492. 
SUNDARALINGAM, M., BERGSTROM, R., STRASBURG, G., RAO, S. T., ROYCHOWDHURY, P., GREASER, 
M. & WANG, B. C. 1985. Molecular structure of troponin C from chicken skeletal muscle at 3-
angstrom resolution. Science, 227, 945. 
TACON, A. G. J. & METIAN, M. 2013. Fish Matters: Importance of Aquatic Foods in Human Nutrition 
and Global Food Supply. Reviews in Fisheries Science, 21, 22-38. 
TANIOKA, A., MIYASAKA, K. & ISHIKAWA, K. 1976. Reconstitution of collagen-fold structure with 
stretching of gelatin film. Biopolymers, 15, 1505-1511. 
TURGEON, S. L. & BEAULIEU, M. 2001. Improvement and modification of whey protein gel texture using 
polysaccharides. Food Hydrocolloids, 15, 583-591. 
VAN DEN BERG, L., ROSENBERG, Y., VAN BOEKEL, M. A. J. S., ROSENBERG, M. & VAN DE VELDE, F. 2009. 
Microstructural features of composite whey protein/polysaccharide gels characterized at 
different length scales. Food Hydrocolloids, 23, 1288-1298. 
WALKENSTRÖM, P. & HERMANSSON, A.-M. 1994. Mixed gels of fine-stranded and particulate networks 
of gelatin and whey proteins. Food Hydrocolloids, 8, 589-607. 
WALKENSTRÖM, P. & HERMANSSON, A.-M. 1997. High-pressure treated mixed gels of gelatin and whey 
proteins. Food Hydrocolloids, 11, 195-208. 
WARD, A. G. & COURTS, A. 1977. The Science and Technology of Gelatin, New York, Academic Press Inc. 
WASSWA, J., TANG, J. & GU, X. 2007. Utilization of Fish Processing By-Products in the Gelatin Industry. 
Food Reviews International, 23, 159-174. 
WU, W., CLIFFORD, M. & HOWELL, N. K. 2007. The effect of instant green tea on the foaming and 
rheological properties of egg albumen proteins. Journal of the Science of Food and Agriculture, 
87, 1810-1819. 
YONGSAWATDIGUL, J. & HEMUNG, B.-O. 2010. Structural Changes and Functional Properties of 
Threadfin Bream Sarcoplasmic Proteins Subjected to pH-Shifting Treatments and 
Lyophilization. Journal of Food Science, 75, C251-C257. 
ZAYAS, J. F. 1997. Functionality of Proteins in Food, Springer. 
ZENG, S., YAN, X., CAO, W., HONG, P., ZHANG, C. & LI, L. 2010. Original article: Optimisation of 
extraction conditions and characteristics of skin gelatin from Nile tilapia (Oreochromis 
niloticus). International Journal of Food Science & Technology, 45, 1807-1813. 
ZHOU, P., MULVANEY STEVEN, J. & REGENSTEIN JOE, M. 2006. Properties of Alaska Pollock Skin Gelatin: 
A Comparison with Tilapia and Pork Skin Gelatins. Journal of Food Science, 71, C313-C321. 
 
APPENDICES  
 
Appendix 1 
1.1 Gelatin extraction process flow chart 
1.2 Gelatins commercial 
1.3 Patents for fish gelatin 
1.4 Tilapia species of Brunei 
 
Appendix 2 
2.1 Commercial gelatins 
2.2 HPLC chromatogram tilapia gelatin sample  
 
Appendix 3 
3.1 Frequency sweep of cold water fish gelatin at 5% and 10% (w/v) 
3.2 DSC thermograms of commercial fish and mammalian gelatins 
3.3 Poster on rheological characterization of fish skin gelatin and к-carrageenan 
mixture 
(Presented at 19th Hydrocolloids Gum and Stabilisers conference, Berlin, 2017) 
 
Appendix 4 
4.1 Rheology results of 15% whey protein + 1,3,5% tilapia gelatin and 12.5% whey 
protein + 1,3,5% tilapia gelatin 
 
Appendix 5 
5.1 Tilapia gelatin hydrolysates 
5.2 Foaming Test  
 
Appendix 6 
Poster on ‘A comparison of the rheological properties of gelatin from different gelatin 
species’ (Presented at IUFOST 18
th 
 World Congress Food Science and Technology, 
Dublin, 2016) 
GELATIN EXTRACTION PROCESS
Skins of Tilapia (Oreochromis niloticus) according to Badii and Howell (2006) with minor modifications.
Preparation of 
fish skins
• Defatting 
Washing and 
treatment in 
0.125% NaHCo3 
(3 times)
Pretreatment 
with alkali
• 0.2% NaOH
at 4°C, 15 hr
Treatment 
with acid 1
• 0.2% H2So4 at 4°C, 
10 hr
Treatment 
with acid 2
Extraction 
with equal 
volume of 
water to skins 
Filtration, 
evaporation
Freeze-
drying
0.7% citric 
acid at 4°C, 
18 hr
In water bath at 
45°C, overnight 
without stirring 
Filtration with 
Buchner funnel and 
rotary evaporation at 
45°C until gelatin 
volume is halved
72 hours drying time  and 
stored at 
-85°C for further process. 
I.e Deionization, Bloom Test
GELATIN EXTRACTION PROCESS: Deionisation to final pH adjustment
(Continued)
Combine 
gelatin from 
three different 
lots extracted 
(evaporated + 
freeze-dried)
Resin Preparation
Resin heated in 
water at 60°C, 1 hr
Heating of 
gelatin
Gelatin heated 
in water at 
65°C, 30 min Heating of combined 
resin and gelatin
The decanted resin is 
mixed into the gelatin 
solution at 65°C, 30 min
Filtration
Using Buchner 
funnel under 
vaccum
pressure Deionisation
specification checks
Measure filtered sample 
gelatin at 30°C to check 
the conductivity  is below 
50 µSiemens/cm 
pH adjustment
Acidification with 0.1M 
sulphuric acid until 
gelatin reaches pH 6.0
Freezing 
at -80°C
Overnight Freeze-drying
Drying time of 72 hrs until gelatin is 
completely dry and ready for further 
use/analysis e.g. Bloom test, proximate 
analysis, rheology, DSC, etc.
APPENDIX 1.2
Commercial gelatins and substitutes examples 
Surveyed by Cristalina J Marsal
Pork gelatin powder (French)
Pork gelatin leaf sheets (French)
Beef gelatin halal (Indian)
Fish skin gelatin halal (Malaysia)
Vege-Gel 
(contains carrageenan and locust bean gum)
VegeSet
Appendix 1.3  
Patents for fish gelatin  
 
The search for new gelling agents to replace mammalian gelatin has led to patents for 
fish gelatin extraction and production and plant polysaccharides (Karim and Bhat, 2008) 
There have been several patents on fish gelatin and there are features such as enzymes 
and treatments used in some patents. It is important not to infringe patents in the 
designing of new production methods. 
The publication number US5484888 A (1996) pre-treating fish skins from a  
selected group consisting of tilapia, perch, Nile perch, snapper and carp with a limewater 
(Ca(OH)2) solution. The skins are treated with acid to lower the pH of the pre-treated fish 
skins to weak acid levels and thereafter the fish skins are treated with alkali to bring fish 
skins to an alkaline pH in order to produce High Bloom gelatin. 
The Publication number US5093474 A (1992) is a United States patent. Gelatin 
from fish skins are treated with dilute aqueous alkali, then neutralized with dilute aqueous 
mineral acid like hydrochloric and sulfuric acids and treatment with dilute aqueous citric 
acid. 
The Publication number WO2012160575 A2 (2012) is a method of producing 
gelatin from fish skin, bones, and scales by soaking them with protease enzyme, and 
treatment with acid and alkali.  
As far as back in 1989 and 1999, two patents for the process for the production of 
gelatin from fish were published. In 1997, a method of forming microencapsulated food 
or flavour capsules as well as the capsules produced by the method from warm water fish 
gelatin, was published by Soper (1997). 
Fish gelatin has been used in the preparation of pharmaceutical products. Park, 
Joon, Bae, Kim, and Cha (2007) patented a process for film-forming for hard capsules 
composed of fish gelatin. Another patent by Hansen, Vilstrup & Jensen in 2002 relates to 
the use of fish gelatin (Bloom value higher than 100) in tablets. 
Previously, there has been patents on the various methods for using whey protein 
and fish gelatin and its uses for foaming. Phillips and Hawks (1997) US patent number 
5,681,505 invented a method consisting of whey protein, a water soluble calcium source, 
an alcohol and fat to provide a composition which was readily to be created into a stable 
foam. In 1978, Chang and Montrose invented a patent for an improved whippable whey 
protein containing gelatin and a water soluble polyphosphate, a gum and mixtures to 
replace egg albumen replacers in confectionary such as meringues and nougat candy. In 
1954, an invention by Conrad et al., of Kind & Knox Gelatin to improve the whipping 
properties of gelatin and to products containing gelatin. Therefore, improved 
marshmallows and similar foam products had a better results with the use of esters. This 
was commercially important as it gave greater volume per unit weight of foam as 
compared with gelatin used alone.  
 
1Tilapia species of Brunei
Appendix 1.4
Red tilapia (Oreochromis mossambicus)
Wami tilapia (Oreochromis urolepis)
Nile or Black tilapia (Oreochromis nilotica)
Appendix 2.1 
Commercial cold-water fish, bovine and porcine gelatins respectively
Instrument:Brown   Sequence:26June2018_A Page 1 of 2
Default/Integration
Chromeleon (c) Dionex
Version 7.2.5.9717
Chromatogram and Results
Injection Details
Injection Name: Commercial Tilapia gelatine A Run Time (min): 20.60
Vial Number: RA8 Injection Volume: 20.00
Injection Type: Unknown Channel: UV_VIS_1
Calibration Level: Wavelength: 254
Instrument Method: Amino acid_v2_067ml Bandwidth: 2
Processing Method: Relative amino acid composition Dilution Factor: 1.0000
Injection Date/Time: 26/Jun/18 17:45 Sample Weight: 1.0000
Chromatogram
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount 
min mAU*min mAU % %
1  Aspartic acid 2.633 25.507 229.617 4.61 4.19 n.a.
2  Glutamic acid 3.143 39.225 326.815 7.10 5.96 n.a.
3  Serine 5.327 19.289 207.126 3.49 3.78 n.a.
4  Glycine 5.583 194.144 1814.756 35.12 33.12 n.a.
n.a. Histidine n.a. n.a. n.a. n.a. n.a. n.a.
5  Arginine 6.153 30.195 316.231 5.46 5.77 n.a.
6  Threonine 6.560 14.477 146.826 2.62 2.68 n.a.
7  Alanine 6.773 144.324 1403.531 26.11 25.61 n.a.
8  Proline 8.010 16.985 155.130 3.07 2.83 n.a.
9  8.200 6.029 50.969 1.09 0.93 n.a.
n.a. Tyrosine n.a. n.a. n.a. n.a. n.a. n.a.
10  Valine 9.307 13.870 131.787 2.51 2.40 n.a.
11  Methionine 9.810 4.977 43.801 0.90 0.80 n.a.
12  10.000 0.153 2.326 0.03 0.04 n.a.
n.a. Cysteine n.a. n.a. n.a. n.a. n.a. n.a.
13  Iso-leucine 10.703 5.481 65.389 0.99 1.19 n.a.
14  Leucine 10.847 12.261 121.159 2.22 2.21 n.a.
15  11.267 0.796 13.085 0.14 0.24 n.a.
16  11.397 2.752 32.682 0.50 0.60 n.a.
17  Phenylalanine 11.537 6.737 79.959 1.22 1.46 n.a.
18  Lysine 11.960 15.584 338.780 2.82 6.18 n.a.
Instrument:Brown   Sequence:26June2018_A Page 2 of 2
Default/Integration
Chromeleon (c) Dionex
Version 7.2.5.9717
Total: 552.787 5479.968 100.00 100.00 
Appendix 3.1  
Frequency sweep test results 
An example of the 5% and 10% (w/v) cold water fish gelatin original rheometer’s graphs. 
 
 
 
 
 
 
Appendix 3.2 
DSC thermograms of commercial fish and mammalian gelatins 
 10% (w/v) commercial tilapia gelatin (Custom Collagen USA) 
 
Peak = 22.1°C, Enthalpy = 0.74 J/g 
 10% (w/v) commercial bovine gelatin 
 
 
Peak = 26.2°C, Enthalpy =  0.58 J/g 
 10% (w/v) porcine gelatin 
Furnace temperature /°C10 15 20 25 30 35 40 45 50 55 60 65 70
HeatFlow/mW
-0.30
-0.25
-0.20
-0.15
-0.10
-0.05
0.00
0.05
0.10
0.15
0.20
0.25
Peak :22.0811 °C
Onset Point :15.2874 °C
Enthalpy /J/g : 0.7445 (Endothermic effect)
Figure:
18/04/2018 Mass (mg): 872.3
Crucible:Steel Atmosphere:AirExperiment:N_10% gelatin Custom Collagen US  LINA  (180418)
Procedure:  (Zone 3)Micro DSC VII
Exo
Furnace temperature /°C10 15 20 25 30 35 40 45 50 55 60 65 70
HeatFlow/mW
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
Peak :26.1784 °C
Onset Point :19.0060 °C
Enthalpy /J/g : 0.5807 (Endothermic effect)
Figure:
07/12/2015 Mass (mg): 744
Crucible:Steel Atmosphere:AirExperiment:10% SIGMA bovine gelatin (071215)
Procedure:  (Zone 3)Micro DSC VII
Exo
  
Peak = 30.7°C, Enthalpy =  0.45J/g 
 
 
 
 
 10% (w/v) commercial cold water fish gelatin 
 
 Tm and enthalpy values could not be obtained due to cold water fish gelatin’s inability to gel. 
 
 
Furnace temperature /°C10 15 20 25 30 35 40 45 50 55 60 65 70
HeatFlow/mW
-0.2
0.0
0.2
0.4
0.6
0.8
Peak :30.7313 °C
Onset Point :24.0897 °C
Enthalpy /J/g : 0.4536 (Endothermic effect)
Figure:
21/09/2015 Mass (mg): 908
Crucible:Steel Atmosphere:AirExperiment:LINA 10% porcine gelatin (SIGMA) 210915
Procedure:  (Zone 3)Micro DSC VII
Exo
Furnace temperature /°C10 15 20 25 30 35 40 45 50 55 60 65 70
HeatFlow/mW
-0.20
-0.15
-0.10
-0.05
-0.00
0.05
0.10
Figure:
08/12/2015 Mass (mg): 712
Crucible:Steel Atmosphere:AirExperiment:10% SIGMA fish gelatin (081215)
Procedure:  (Zone 3)Micro DSC VII
Exo
INTRODUCTION
Marine gelatin has a broad range of applications in both the food and
pharmaceutical industries due its uniqueness as a hydrocolloid with exceptional
texture characteristics. Fish and animal skins are a by-product of the meat and fish
processing industry, which can be used for extracting gelatin that has important
nutritional and functional properties. The skin of warm- water fish such as tilapia is a
potential source of gelatin that can be used in products requiring very high gel
strength.
MATERIALS AND METHODS
Materials
Warm-water fish gelatin was extracted from skins of Tilapia (Oreochromis niloticus)
fish species and the final pH was adjusted to 6.0.
Two commercial brands of fish skin gelatins were used for comparison of the gel
strength (Bloom Test) with the extracted tilapia skin gelatin.
Gelatin-к-carrageenan mixtures were analysed for rheological and
thermodynamic properties.
Fig 1 a) Tilapia skin 1b) Acid/alkali treatment 1c) Freeze-dried gelatin
Methods 1d) Bloom test
1. Gelatin was extracted from skins of Tilapia (Oreochromis niloticus) according to Badii
and Howell (2006) with minor modifications (Fig.1a-c).
2. The Bloom value for tilapia gelatin (gel strength) was compared with that of
commercial fish skin gelatin (large deformation on TA-XT2 texture analyser) using a
6.67% (w/v) aqueous solution [GME, 2000](Fig. 1d.)
3. Gelatin was prepared by heating to 60°C for 30 min. Commercial к-carrageenan
(CG) solutions, 0.25%, 0.50%, 0.75% (w/v) in distilled water, were prepared and mixed
with 5% tilapia gelatin according to Haug et al. (2004).
4. Rheology (small deformation test) of mixtures was undertaken according to Badii and
Howell (2006).
5. Differential Scanning Calorimetry (DSC) of gelatin for thermodynamic properties was
performed according to Badii and Howell (2006).
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RESULTS AND DISCUSSION
Figure 4. DSC thermograms for extracted 5% Tilapia gelatin, 0.5% к-CG and their mixture. The samples
were heated from 10 to 90oC .
OBJECTIVE
The aim was to study the interaction of tilapia fish skin gelatin with κ- carrageenan
in terms of the rheological properties.
Table. 1. The gelling temperature, maximum values of elastic (G’) and loss (G’’) modulus values of
gelatin and gelatin-к-carrageenan mixtures
Table 2. The Bloom strength of gelatins (6.67% (w/w) in distilled water)
Figure 2a. G’ and G’’ values of 10% tilapia gelatin solution
 BLOOM STRENGTH
 RHEOLOGY
 DSC
CONCLUSIONS
The Bloom strength of extracted tilapia fish skin gelatin (6.67% (w/v) in
distilled water) gave a strong gel with a Bloom value of 218.2 + 10.4 whereas
the commercial samples had lower Bloom values of 78.4 + 0.6 and 107.7 + 1.0
respectively.
The gelling temperatures of gelatin- κ-carrageenan mixtures increased when
higher concentrations of к-carrageenan were used, being 20.6°C, 25.0°C
and 35.4°C respectively, as compared to 19.9°C for 10% TG alone.
 The mixtures of tilapia gelatin containing increasing concentrations of κ-
carrageenan (0.25, 0.5 and 0.75% CG) resulted in higher elastic modulus (G’)
values; 32.9 Pa,112.8 Pa and 282.4 Pa respectively compared to 20.5 Pa for
tilapia gelatin alone. The gel melting behaviour can be explained as a two-
step process, which is the conformational change of helices involved in the
network junction zones followed by the melting of aggregates4.
An increase in к-carrageenan concentration in the mixture resulted in
enhanced gelation. An increase in the к-carrageenan/ gelatin (w/w) ratio led
to increased gelatin-к-carrageenan complexes and higher storage modulus.
DSC results of the melting temperature and enthalpy of 5% TG alone, 0.50%
CG and the mixture 5% TG + 0.5% CG showed that the components in the
mixture did not exhibit their typical endothermic peaks. Rather, a low melting
temperature and very small endothermic peaks indicating minimal enthalpy
were seen probably due to interaction between the components and
complex formation.
The values are means + standard deviation of triplicate determinations.
In Table 1, the G’ value (storage modulus) of tilapia gelatin-к-carrageenan increased
significantly (p<0.05) as the concentration of к-CG was increased (Fig.2.a - d).
The gelling temperature for gelatin-к-carrageenan mixtures was higher than that for the
tilapia gelatin alone, although this gelatin produced a good gel at room temperature
(Table 2 and Fig 3a-c).
Figure 2b. G’ and G’’ values of 5% +0.25% % к-CG solution
Figure 2c. G’ and G’’ values of 5% TG+0.50% к-CG solution Figure 2d. G’ and G’’ values of 5% TG +0.75% к-CG mixture
Tilapia gelatin (TG) 
& carrageenan 
(CG) mixture
Gelling
temperature  (oC)
Maximum value after cooling
G’[Pa] G’’ [Pa]
10% TG 19.9 + 0.0 20.5 + 0.0 8.5 + 0.0
5% TG + 0.25% к-CG 20.6 + 0.2 32.9 + 8.1 17.5 + 4.4
5% TG + 0.50% к-CG 25.0 + 4.6 112.8 + 27.9 43.0 + 17.0
5% TG + 0.75% к-CG 35.4 + 4.3 282.4 + 61.3 138.9 + 32.2
Figure 3a-c. The Bloom value (gel strength) of extracted tilapia and commercial fish skin
gelatins
Extracted tilapia gelatin
Bloom =  218.2 + 10.4 g
Commercial fish gelatin (USA)
Bloom =   78.4 + 0.6 g
Commercial fish gelatin (China)
Bloom =  107.7 + 1.0 g
Gelatin Bloom strength
(g)
Tilapia gelatin
(extracted)
218.2 + 10.4
Commercial tilapia 
skin gelatin (USA)
78.4 + 0.6
Commercial fish skin 
gelatin (China)
107.7 + 1.0
APPENDIX 4.1 (CHAPTER 4) 
 
 15% whey protein +  1%,3%, 5% tilapia gelatin Temperature Sweep Test 
(i) 15% Whey protein  
 
 
(ii) 15% whey protein + 1% tilapia gelatin 
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(iii) 15% whey protein + 3% tilapia gelatin 
 
 
(iv) 15% whey protein + 5% tilapia gelatin 
 
 12.5% Whey protein + 3,5,10% tilapia gelatin temperature sweep test 
(i) 12.5% whey protein 
 
 
(ii) 12.5% Whey protein + 1 % tilapia gelatin 
 
(iii) 12.5% Whey protein + 3 % tilapia gelatin 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(iv) 12.5% Whey protein + 5% tilapia gelatin 
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 Tilapia gelatin hydrolysates 
 
 
 
 
 
 
 
APPENDIX 5.2
FOAMING TEST
Cristalina J.Marsal
0.50% WP (control), Mixtures of 0.50% TGH, 0.50% 
TG were combined with 0.50% WP and 0.3% GT 
0.50% Whey protein (control) first whipping 
0.50% Whey protein (control)
Using Hobart mixer for whipping tilapia gelatin 
Good foaming observed for TG
0.50% TG
0.50% TG foam is similar to shaving 
cream
0.50% TG foam 
0.50% TG + 0.50% WP
Very thick foam produced 
0.50% TG + 0.50% WP
0.50% TGH + 0.50% WP
0.50% TGH + 0.50 % WP
Large bubbles upclose at 30 min
0.50% TGH + 0.50 % WP
Drain liquid at almost 30 min
Drain liquid at 30 min and no foam is 
left 
Green tea matcha solution preparation
Green tea during whipping
Green tea with TG
0.50% TGH + 0.30% GT
